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I - cOiiARISUS m SPOT-WELD AND UVET PAT=-S

)21 24S-T ALOUD SEEET - CCMPAIUKIN Cl?

24S-T AU3iAD AXD 75S-T ALU

By H. W. Eusgoll, L. R. Jackson,
H. J. Grover, emd W. W. Beaver

SuM!.x?w

This rc~ort contains Eetcilcd results of a number of fatlguo
toats on opot-velded jointn In alum%num alloyn. Tho testa doc-
cribod includo:

1. Fatigue tests on opot-welded lap j~lnts in shtots of un-
equal thidmoon of alclad 24S-T. Theso tests indicato that tho
fatigue strength of a spot-wcldod Joint in skeets of two different
gages Is slightU.~higher than that ~f a similar joint in two sheets
of tho thinner gage but dofinltoly lower than that of a similar
joint h two chccts of tho thicker gage.

2. Eatiguo tootn on spot-wcldod rdclad75S-T. Spot-woldod
lap-joint npocimons of alclad 75%T wore not ~ ~trongor in f-
tigao than simil~ upecimons of alclad 24&T.

3. Eatiguo tcste on lay-joint spocimoas spot-voided after
various surface ?reparatixm. l!hcsei~cludod AC welding w5ro-
brushed surfaces, DC welding wlro-brushed s~-faces, andDC welding
chomlcally cloanod mrfaccs. Whilo tho AC wclda were strongost
statically, tho DC welds on wiretmushod sum%cos wero strongest h
fetigue. Spocimons prepared In thls~wcrovezy noa31y ae strong
as the boat riveted specimxm tost~d for comyarieon.

4. Fatigue tostm on upcmimons soot-woldod with v~ing volt-
ago so as to Include a wido rarg~ of static opot-weld ntrongtho.
The fatiguo ntrcm~hs woro in tho came order as tho static strengths
but showed lo~a rango.

— ._—
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5. J’atiguotests on lap-joint epncimona with oovoral pattorm
of cpot welds. In gcnoral, thoso patterns which gavo highest ntatic
strongtlm gave aloo highoat fatiguo strengths.

6. Fatigue teats on lap-joint spocimons with various rivet
pattorna. Again fatigue stron@ho woro in the same order aflstatic
strengths. Thccc riveted joints wero generally stronger in fatiguo
than corresponding spot-welded joints.

I-NIlX2DUCTIOi~

This report ?.o~crihcsthe romlts of scvornl investigations
which arc extensions of previous work. (See rcforencon 1, 2, and 3.)

Preceding reports havo given rocults of tests on lap-joint
specimens consistin< cf two shoots of 24S-T alclad of cqunl thMc-
noas #oincd by a sin@e row of spot welds in r.llno transverse to
tho direction of loading.

Part I of this report describes tcots on spocimons comprising
tl?oshoots of different thicknoso joined by a singlo row of s~ot
weld.s. All othor t!?stsdoscri%ed hero concorn spocimcns L“dO of
two shcots of oqud thichoss.

Part II describes tests on epot-voldod spocimons of Klclad
75S-T alloy.

Pert III civos results nf te~ts nn spocimcns spot-wcldod
after difforont surfaco propar=tions. Part IV doscribos tests
on spoci=onn rpot-welded at different voltages to obtain spots
of widely varying aim .nndstatic ~trcngth. !I!hesotests were
made in an c+ndoavorto learn what &po of syot weld mav bo best
in fatifg~o.

Part V cle~cribesa series of tests with multi-row lap joints.
Part VI doscribos a fow tests with on-row and with tw-row rivotcd
joints f~r comparison against rooults on spot-welded joints. Thoso
two groups of tests allo~-edsomo oxaminntion of tho quootion of
what spct-weld yattc)rnis boat In fatigue and of what fe.tiguojoint
efficiency mey be attainable in s$ot-woldod lap joints.

~is Investigation, condactod at Battnllo Memorial Inctitatc,
was sponsored by! and conductod vlth fi~chl assintanco from,
tho National &?.viooryCommitteo fGr Acronautic~.



“ Aclmowlo&mont is due Hr. E. S. Jenkins of the Curtisn-’?right
Corporation end Dr. Mnurico Hellos of tho Lockhood Aircraft Corqo-

-ration-foradvioe and assistance h .o.btaining~t~rials ad .joimted
epccimens for this invostigatlon. Specimens for detorminlng the
effects of eurfaco preparation wore recoivod through the courtosy .
of Mr. C. W. Steward of the Curtics-Wright Corporation. Specimens
for determining tho effect of r&uge In spot-weld taizowero furniahod
through tho courto~ of Mr. R. O. Moliaeterof California Inetitute
of TQohnology. Specimone of 75S-T wero received through tho cour-
toey of Mr. T. Piper of Northrop Aircraft, Inc.

1. SPOT-WXIJIEDLK?JOINTS Ii?SEEETS (IFUNE~AL @CIXMS

Test Plccoa and Static Toat~

Two lote of ayocimona havo hooa tzatod. Lot A ccmyrlaad
eyocimona uetng shoot gages 0.032 to 0.040 inch ond CI.040to 0.051
inch. Tho other lot, 3, included gagoE 0.025 to 0.032 inch, 0.032
to 0.040 inch, and 0.032 to 0.051 inch. %ch apocimon was made by
#oifi?# two piocefi(each 9 in. lcmgby 5 In. wide) by a nirglc row
of ~ota anccod 3/4 inch mpart in a line along tho contor of a 1-
Inch avorlap section. (Soo, for oxilo, fig. lD i~ rcforcncc 1.)

Table 1 indicates tho woldin~ ccnditio.ls. ~i~UrOO 1 tmd ?

show sootionod velda. Tabzo 2 giycm r.vcr~gcWCIG dime:loirno~nd
str.ticstrength valuca. V:’JUQOfor somo ~pccimono mr.dounder com-
parable condition with equal gage ehoota hnvo boon included for
comparison.

It ~ bo ohnorved from figvros 1 and 2 fnd from teblo 2
that wolda in %,heotoof unoq~nl ~ago EIIOWgoneral”g ~mtcr per-
centage ponctrc.tlcmin tho thimor ehcot. It e2.FIo~ ho notod
that tho static stre:q&h of a woid joining difforont gage ahecto
la betwoon tho atrcngth valuo for a weld joining two sheota of
the thimor gago and tho strength value for a weld joining two
ahcets of the thickc= gage. Thowold strengt.~for ths unequal
aheota ia noaron tho lo’”orof those strmgths (the.tfor a weld
joining Kaoota of tho losaor gage).

htigim Teut Results

c Tables 3 md4 ohow the fatlguo teat rcaulta for the first
lot of spooimene. ~guro 3 shown load-life curves plottod from
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them data for the load ratios 0.Z!5and 0.75 (curves for R= 0.50
havo been omitted to avoid confusion, but theso ourvos do not
yrcsent any now foaturos).

Table 5 Rhcww fatigue tent reeulto for the other lot of mmplos
and figure 4 tho load-life curms plottod from those data.

In figurca 3 ad 4, there havo boon included curven for spec-
imens mRdo by epot-welding equal gage sh~cts. Fr.tigucf“.ilures
(fico,for example, fig. 2d) wore siniile.r to thoflein joints of
cllual-thic~~ss nhcct. In a fow O?.SOS,at high losh, a bUttOn
was torn out of the thinnw shzot. (See, for oxanplo, fig. 2e.)
In gcnoral, the fatiguo-atrongth valucn hear out tho obsormtion
mado for static-otrmgth VRIUCS: tlzostrength of a weld Joining
different g?.goshcots is slightly hir@or than that for a weld
#oining sh.?otsof the thimer gago emd definitoly lower than that
for a weld joining sh”sotsof tho thicker gage. It seem probable
that this statement hnc lixitat:ons, mnd &o conclusion should
not bo cxtondcd to unreasonable difforoncos in shoot gage or a-p-
plied without duo regard for the wcldir~ conditions concerned.

11. FA!CIGUXTZSTS ON SPO!P!WZDZDALCIA.D75S-T

Test Pieces and Reeults of ~a.ti~noTests

Comparative testm woro mcdo on (1) shoot ~ecimons of 75%T
and of 24S-T and on (2) mot-woldoil l-x-joint Specimcan of 75S-T
and of 24+!?. All opocimons wero mado of O.G~inclh dclad nheot.

Mmoliloc sheet ~ccimcno vorc 1 inch WIC1Oat tho center sec-
tion. (S20 rcforenco 3, fig. 1.) Tables 6 and 7 shmr data for
these spocimons~ end fig-zrc5 shows rcmlti~ lend-lifo curves.
The 75&T docflnot amponr etrongor in f~-tiguothrn tho 24*T doe-
pite the difference ir~static propcrt.ioe.

Each cpot-welded fiooclmen.was rr.doo? two picco~ 9 inchoo
long IIy5 iccficewide Joined by a sin@e row of Tots in tho ccntcr
of R l-inch ovcrlcq sa~tio~. T~.blcs8 and ~ chow the fatigue tcet
rosultaa md figxro 6 shove the load-lifo c-.lrv~~.Fsr lifotimos

bv~ond 105 c-:clesand for both load rc.ties(I!= 0.25 r.ndR= 0.60)
uaedD the 75S-!!!eyocimcns nycar sli.~tly workor t~.anthe 24=!?
specim~ns. It .w~bo notod thnt tho 75S-T e-potwelde wore eliglhtly
(about gpercont) atrongor in rtf.ticSY.OU than tho 24sTwclds,
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I!k8mhat Ion of Spot wOla~

..—,. Figure- 7--(a, b)..shows spot welds in.the alolad 2@@; while
figuro 7.(c, d) shows welds in the 75S-T clalad.

Welds in the two materials are Bimilar in oize, shape, Lznd
gammal. m:~earance. Hardmm readl e at the dendriti.czone (whoro

Tfatigue failure generally took place gave 90 Viclmrs for tho 75S-!C
against 100 for the 24S-T.

Tho photographs In fl~o 7 show charactcriotic fatigue fail-
uree. Except for the weld In figure 7’b,the welds wore from epoci-
mcna loaded simihdy (116 lb pm spot at R = O.25). It MY be
noted that failuro in the 75&T welds (c, d) occurkod at tho y?-
jection of the inner elclad. Failure in the 24S-T (a) took ple.co
in tho sheet cuteldo tho weld elug. However, at higher loade (b),
f milure in tho 24S-T cccurrod at tho projcct:on of the inner alclad.

Conclusions

Yor the teste nmdo, spot-welded 75S-!2weemed no stranger in
fntie~e than spot-woldod 24S-!C. ..

It should bo rememborod that smersl factors m~ be concernod:
tho rol.ntivostrengthe of bare sheet materials, the affect of tino
clc.d(ting,and the typo of repotweld.

III. IAP-JOI;-T~CIIZli?S SPO&WXIXLXEllWITiI

VAIUOUS SU3FACE PHEPAR4TIZ:S

Test Piecee cad Static Test Eoeults

SsveroJ.teat piocae of O.01+0-inchalclad 24S-T s~ot-welded
after various murfaco preparations wore furnished thrcuglhtho
courtosy of Mr. C. W. Stevm.rdof Ourti~o-%l&t. !&.blo10 lists
fivo groups of spocimenc. !l!hcmwero three groupe of sjjot+mldad
test pieces prcparod by different procoeson. For om~h of thoeo
groups, tw~ lots of spocimons (A and B) woro prepared P.tdif+eront
times with, inndvertontly, nlightly difforcnt welding conditions,
Yor coqrieon of joint efficicncioe, two groups (4 and 5) of
rivotod spocimcns were fumddmd.

. .
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Figue 8 shows ~hotographs of three feilod cpoctmons. One
IIZustmtos tho spot-weld pattern characteristic of groups 1, 2,
and 3, having t.hroorow- of spots, with the distmnco botwoon spots
in each row 1/2 inch ed tho Ustanco botwoen rows 1/2 inch. Tho
other two spccimons shown in figuro !3illustrnto the rivet patterns
of groups 4 and 5.

Tablo 10 RISO shows static strength values and static joint
Officioncy Values. It cqy be notod tho.tthe AC wirebrushcd ~oc-
imens hnd a static joint cffi.ciency(95 porcont) considors-bly
higher thnn thr.t(C3 yorccnt) of the strongest riveted jointfi.

Fetlgue Test Rooults

lHnc ~ocimons of each groul)woro furnished. At Mr. Stowardls
sugqci3tion,throo of those were run at each of throo prosoloctod
lo~da.

Table 11 prouonts tho ronultc of Kqc f?.tiguotests. !Lho
method of running the tcstc ~.tthroc pro~cloctod loPds bringo out
tho fectures of cc~ttor in to~t rowlts. However, with HO few
load values, it is not feasiblo to draw lo~d-lifo curves or to
cal.culat~fntibqo joint cfficionc~ vc,lucsfor v“.riousconstmt
lifotimec. liovorthclos~, figure 9 chow~ mpyroxinnto lo~.d-lifo
cwoc in tho form of scatt.crIm.ndsvhich do not ~,ttcmptto die-
ting!aishamong the?difforcnt rqmt-weld Ercupo. l?romthose curvoo
and from a fetiguo curvG (roferonco 3, fig. 5) for nlclp.d2~-&T
sheet, limiting valuoo of joint cfficicncios n-{rbe c~timatcd.
Such vnlucn nro given in t?.blo12. Co .arisonof thoso ve.lacs

Twith vmluoc for other spocir:cnotested nco COC. 5 of this report)
indicaton that thoso test piocoE WOYO strong id ffltiguo.

From te,blo11, it ZWT be obsorvod thr.tr~f the npot-wcldod
opccimono tested hero, thooo rondoby DC mlding viro-brushed
~~f?.cos ~.~]oarod~:llghtl~tho stron:;o~tili Ih f~.tigll~tcst~.
Tror tziblo11 nnd figuro ~, it a:ypoarsthat thooc nar,onpot,-
woldod ~~ocimonn wcro norxly m ntrnr~ ~.fithe beat riveted spoc-
imonn.

Exnzzim.tionof Sqot Veldfi

Fi~mes 10, 11s md 12 %how uhotogr@s of n;ctioacd cpot
welds, Tcblo 13 @VI?ll

..
r.vor~.gevnluos of spot-weld dimensions

for snmplos frGm t?m vmious grcmzpc.
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cxaminr.tionof table 13 afforilsan interf.3sthgobsm-
tho AC wire-brzehed piccos, opocimen 7 ix-dc manor

. nugget area.and.a.smllmr totcl wild area tlym spe.cimon.g but e.n
mpprechhly longer fatiguo life. Thin x bo connoctcd with the
larger corona area of apocimon 7. A similar observation Wpl-ion
on ooqw~ing ‘qocimons 1 and 2. Gcnornlly thn same observxtion
apylloe on comparing DC woldod opecimons with oexh othor. Tho
mppexmtly important contribution of corona bonding to fnti~o
ntrongth doon not appcnr to oxtmd to the corqmri~on of AC voids
with DC Welds.

Conclud.ona

The following conslusiono e.rosuggoated by tho dat~.deflcribod:

1. spot-w~ldod Joints caiibe miadeto ham as hi# stntic
joint cfflciencics rnd nonr~ au hi~ fatigue joict officloncies
e.nrlvetod jointo.

2. Of the three &JQS of spot-welded spoc!mons (AC - wiro
brush, DC - f;~robrush, ~md D(J- oheniccdd.yclecn~d), the AC wire-
bruohod were strongost stnticnlly,but the DC wire-brushed strong-
ost in fntibwe.

3. There is a suggo~tion tkt, for a glvon typo of welding
(AC or DC), oorona bonding contributos conoidorabl.yto fatigue
ctrongth.

In view of tho relativol.yenall number of spoclmors, these con-
clusions muot bo regr~dod cm tentmtivo.

IV. T.d2-JOINTSPECIlL2nTSW15 ~OT WELDS OE’WIDELY

VARYING SIZE AND S!hVi!ICSTIZSiiGTli

Test Picccs and Static Strength

Nine pmoln with npot mlds of cuccescivcly lcrger oizon
wore rocoivod, togathor with rdiogrri+hn of all woldn, from
Callfornle Imtitute of Tmhnclo= thrxzgh tho
Il.C. Mcl!aoter.

!Mble 14 glvofl*O welding conditlona for
uro”13 nhows photogrqhn ~f spots illuotrnting

Courtmy of Mr.

or.ch panel. J%&
tlnavnriation in

. . . ...
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O~Ot BiSO. (see rlso figs.
the resultEIof :.mxxnzremcnt~
aloo vehen of stP.ticF~O!15
Cou.poml. The terms used to

15; 16, 17, end lg.) !bblo 15 giVOCi
of the various spot dimenflionOemd
ctrength from tcmte on siaglo-spot
dcfi~gnatoweld dimemionn havo been

dofiaod in a provioue reFort. (See rcfcronce 2, p. 4.)

Exrsnin~tionof tho wcldEIcnd cfi.lculrtioncfrom tho dr.tain
table 15 slhowmithat the corcmn nron wne aearly comtmt through-
out the ran e of wolfic (0.C316 sq In.

7
for PP~.ol 1 to 0.032@ nq in.

for Prmol ~ . On tkc other Iw.nd,tlhoweld-nugget area Lncrorxod
from 0.Qj~$3to C.O@ ~cuaro inch. Tho ~t?tic ehonr otrongth
incrcr.scd.c,pproxinc.tclyin direct proportion to the nqygct area.

I’atiguo!l%ctRosulte

Strips 3 incho~ wldo coatr.iningthroz spot ‘-wldso~.ck!mrc
shxarod from the v-.riousprnmlfl~~.dtcotcd in f“.t!guo. All teats
woro run r.tn lo~.drntic R = 0.25.

Tablo 16 proaonte +ho rcaultc of the f~.ti~aetoctc, -r-d
figuro 14 ~howa l~ad-lifo curvom Flottod from thcco dii.tn.To
o.voidconfusion, O* rcmlts for every odd-nuabarod p~ncl hnva
b~cnplottod - rcnults for ot!mr pcnclo, in gcnorrl, follow the
sme pr.ttorn.

It y~~ bc noticod thr.ttho smaller w:lde shmrcxl at high
lends but cr.nokcdfrom the ~lcl:?-yrotrmion nt ligl%torlords.
Lp.rgorwcldn liyullcdlnzttoncl~(figs. 16?.~.~-d17-.) ?.t hi@cr lo~do
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md oomctluee eve riso to failure in tho ehcot at
Overheated and crnckod wslds (SOO fig. lgc) ~owed

lighter loado.
no signs of—

wonknoss in fatigue or of failure thrcu@ the tramvsrso crack.

v. 2’ATIG~ ~S!l!S OH UP JOIi~TSWI~

VARIOUS SPO’JLWELDPATTEEtTS

ToBt Piecen and Statio Teat Results

Table 17 outlinos n mries of temto on +.hooffoct on
fr.tlguestrmgth of vaqlng the spot-weld pattern in miqlo lap
joints, cnd table 13 shows str@$hpromrtias of the shoot
=toriol used.. Tho purpno wco to dotmmino tho e:fects of such
vwinbles as tho number of rows of spots, Lho mpt-cingbotwmn
npotn, stnggerir~ q.:otsIn e.djwer.trows, sad poet-rglng mlti-
rowod #ointfi. !IhcBooing ~oint gmttcrn .%.s bean included F-s
ropresontntivo of n joint tbmt i~ ouccossful in P.ctunl130rvico
conditions. mi~UOFl l:, 20, ~.nd21 ShOW @lOtOgrf?@lfl Of VtUi02~

joint patterns.

Table lg gives stntic test renults on tent pieces m?.de
frcm tho VFXIOUS lots of choot used for the spot-weld Opecincnm.

Tn.blos19 and 20 !lve tho welding conditions for tho v!!sious
jointed s-+jccimev.s.FiE.~OU 22, 23, ?ad 2!! flhOW photo~nphs of
coctionod welds. In gcncrci, a’-lwcld~ wcro of good r.qpomnwo.
!ikeone exception ww for grow 3 M2C, where welds ~ye~.rcd to
be overheateiL

Tr.ble21 gives at~.ticstron@h values nver.igodfor two
r~ros~.tativo ~~ciLlon8 of o~~ ~ou.~. It rr~ be obsermd thnt:

1. kcroa~ing tho number of rown docreasos the strength

f
or spot but incree.seatotal.joint stronb@h ~md joint officion~.
Cf. reoultc for3Bl@D, 3 ~C-DB nnd3 Ml&D.)

A spot spaohg of 1/2 inch ~.~yesxato mfford n strong
joint!- (Cf. 3 KIC-D and 3 KIC-Y’. Xote nlso the high joint
officienclos in ~Voups 3 MIGF tO j M30-YO)

?-. !Clmredoes not appear to bo rmy notr.bloeffect duo to
st%gering spots in ~djnco~.trow. (Cf. 31QC-D=d3LlC-D. )



10 KM.A Jim I’io.

4. Petit-a@rg (10 hr at 370° F’)before welding ~~mre
incroasa tho static joint efficiency;whilo post-a.~ng after
welding may even decroane tho str.ticjoint cfficioncy.

5. Thepattcrn co~.sistingof throc rowrrof spot~, with

4301

to

tho
spotn 1/2 inch apo.rtin os.chrow nnd with tho rows 1/2 inch ?.part,
gr.veVW’ hlg??otr.ticstrwqgtha. Of t!lo~ociaons unod In theso
tofits,this p?.ttcrnpraducod the strongest Joint in f4tcticfltronqth
(a joint ~tro:~er thm theBo~5.~ joints to~ted).

Them romlts e.roIn ro~.mne.blo ~.ccord with test rgwd.tg roportod
in the literr.turo (roforonccfl 4 e=d 5).

Fatigue T’ost Results

To inouro that tho clclad ?4S-T shmt mcd in ne~rhg K1o
~oot-wcldod tCct picCO: Imd nornnl fr.tiguc s?ircngth projjertics,
rid to nfford bmo curvm for tho ewlur.tion cf f-.t:,ggc joint
cificioncios, fat~guo tests wero run on n“nrplo~ of the pm.rtic-
zlar lotn of sh.~-t nr.torialsueod. The resulting dntr.aro ~ivon
ix tables 22, 23, and ?~, rad 00U.T~f them dr.tr. r.ro shown M
1~~.+lif~ cwws in fi~~o~ 25, 26, rild27. T’N v.aluos for the
O.Ok~Lnch sheet e.rc noerly the saao 1=.sthooo ropmt~d for other
lots. (Sea rof orcncc 3, tr.blc ?.) VrLuns for t.ho 0.064-imh
shact nrc closo to tho~o for 0.C~!41inch. Yor both gm,~oc,tho
cffoct of poet-~<ging(10 hr at 3709 F) on fmti:vo strmgths WP.S
sli~ht znd was in the direction of rodxcing tl.ofsti~o Qtrmgth
(cf. rcf cronco 3, fk. 5). The O.Ol&imh oheet tostcd nppdrrod
to h?.vo sliglhtly hi~%cr f~,tibmc strmgths for lifotir~on ‘uoyond
106

the

tho
tho

qclos c.tn load r~.tioof R = 0.25 tha oithor tine 0.040- m
0.064-inch shcot.

Tables 25 thro@ 36 givo the mealts of fati~ac tmto m
variously p?tterncd j~ints. Most of tho tc~tfl vroro run et

load ro.tioR = 0.25 for which tho .titornr.tin~component of
lend is high, so that effects produced%y dynmic lor.ding might
bo c~oct~d to show ‘up. In m.r%vc?.ms~ ~. fcw tc~ts woro run at
a M&hor load ratio (R =c.60) in ordm tu mto any posciblo
uno~cctod effect of vsmyinG tko r~ti~. Fig-arcs28 th~i@ 32
elbow tho rosiltu plott:d m Iocd-life curves.
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In particular, figuro 28 ~hovn fatlguo tc=t ro=ults for
spocimcm of 0.040-inch shmt he.ring ono row of spotn and for

. epcimons hnving twe-row~ of spots. .It-aoems fair to ooncladc
121?.t:

1. Two rows of a-potse.fford~.joint.uxc tk SO porcont
strongor than m c3inglorow.

2. It doon not mako much difforoncc whothor tho npots in
tho two rom mm ot~orcd or In alino,~ont.

3. Uoing n l/2-inch ~moing between npots in “.row ,.:ivon
n etrongor joint thnn a spncing of 3/4 inch, both in stmtic
tests ml in fr.tigw to~ts nt R= 0.25. Howcvor, tho fitrongt~
incrcvo in oomewkt dubiouc nt lif~tiio~ in oxccss of 2 X 10
Cyclon●

Jcint efficiency valuon will bc Uncuqf;od later.

1. Jointo with the spotn ~e.cod 1/2 inch ~.p-.rtin or.ch
row ~.wrontrongor in f.niiguo(“I WO1l ac in stztic tcntm) thnn
joint{;with wpot~ spncod 3/4 iEch ‘x}rrt. (Cf. 3 MIC-11~.nd
3 MIC-F.)

3= ?or+-rglm~ tlhojointm oftcr welding d.ocrcrmcdfllidhtly
both the atctic stron@Y mnd tho fntiguo ntrcn.~th. (cf. 3 xlc-1’
md 3 M2C-Y.)

Fi~:ar~c30 nnd 31 ~how loc~-lifo carve~ for spcciur.nswith
tho Booing @O joint. It in iiltorc~ti~ to note tho rclr.tivoly
lurbm docreano in fntigaa ctrcz@h vith docroe.~inglend md
lifotinoa increasing to 107 cycles.

E’i.guro 32 FIILOW9 lo-d-lifo curves for in.*joint mpocinsnn
of 0.064-inch ehot. It vill ho noticod tht tho oa~~sgoxrnl
results hold for joints in 0.06)4-InChehoct ~s hold for joints
in O.@lO-inch nntorlnl.
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Tablo 37 shows some vtiues of joint

NAOA

Officlonoios.
efficiency is hero dofinod as tho ratio of tho stron@h

Am Fo. 4F01

Joint
pcr inch

of joint to tho strength--per-inchwidth of tho shoot materiel nt
tho acme lifetimo e.ad-t the SR!!Oloed ratio. Values for p9nt-
P.bwdshnot woro used for all ~ointod epccimcnn Yost-e-godoithcr
bcforo or after wcldic~.

Fi~wo 33 ohows emnothod-out curvon of joint efficic.ncy
a==inst lifctiuo plottod from tho vnluos in table 37. With ono
oxccrption,tho f-.tiwr joint officioncicsprc~orvc the snmo order
as tho mt~tlc vduoa. The fntigue VCIUCS nro -nlwrvQlowor rmd
docrcaso aomowhat with dccroasiu~ lord ~xd Incronsing lifotine.
Tho one oxcoption Is tho curvo for 3 NIX-D (thro~ rows of spots
In O.O&in. ehcot) which ohows joint effi.cienciosdocromsi~
r~.pidlywith docrocwlng load ‘md increasing lifotimo. Thio trend
cm ho obmorvod~ of COWSOS in the stcop lo.d.-lifocurvoa for thouo
epocirions. (See fig. 32.) lloc~l~.rm.tionwill boatto~tod now.
In co.rpring the Booing joint (5 UIC-I’)remits with results for
tho othsr lnttorna~ it rust ho Ixrptin rind tl.ntthe.aoBooing
joints wcro made with roller welds. .Provioustocts (r~fcroncc 3)
h~.voindicated thm.troller welds my bo eliglhtlywonkor in fatigue
than spot wolda.

ccj~-clu~lona

Useful inte~rote.tion of tho rosultn noted nbovo rcqui.ros
correlation with grcviomly r~orted dntn md very cnroful con-
siil.or:.,tior. of tho linit”.tions noccssnry in dr~.wing Conoral con-
cluolons fron ‘~r.rticul-,r 1~.bmr.tory tmta. It ia %oliovod do-
sircdlio to onit prmmtaro conclusion~ fron this ‘pro~roaaruport.

It nr~ bo ol)aorvodth~.t,in ~ycnor.nl, vlariinti:naof fntiguo
strorq:thwith v“riztions of f,~ot-vcldpnttorno have followed
t% ordor of variations in fltaticstroz~t>.

;WEd V.QUOUSRI~

Test Piccoa and.Static

l’orpurpoaos of conpnrison, trots
apoci.xm fasti)nodby v~mioua patterns

pA~~~s

!!!ost Results

were :.wtdoon lnp-joint
of flush rivote. Tr.blo



19AOAARE Ho. WFol 13

jg giv9s epecificationa for the test pieces P.ndfiguros 34, 35, rind.
36 showphot~gr~s of tho vextous types of #oints. In chooEIIn,z
tho rivet patterns, it was not the intention to d@icato o:w~tlv
the.cpot-weldpattorns but rather to uso rivGt spacings duaractor-
Intlq of good commercial p“actice.

“Table 39 givoe tho r&lts of statlo tcets and ehowe static
~olnt officioncp values (

F
SOd on a dx=.tic titimato of 66,700 YJi

“ for tho sheet as roceivodmd @,000 psi for the post-aged shcot).
The joint efficiency ie hero dofinod to bo tho strongthpor grone
imch of tho jointed epocben divided by the ~trength~em-inch width
of a rnonobloc epocimen of tho smo ga@ eheot.

It my bo obsormd fron tho values listed in titilo39 thnt:

1. For tho shgle-rcw ~ocimona (PIC-D mdPIO-F), tho
l/l?-lmh cpacing~avo n stron~or joint than did tho 3/~lnch
Sp!lcillg.

2. For tho 3/4-inclh spr.ciqy gin@e row (P1O-D nndP2C-D),
tho poc+a~;ed specimens &nvo c.h~her joint officicncy.

3. Yor spoci.mcnswith two rows thc~o (Ql&Il and TIC-D)
with ~.pproximr.tcd.y3/4-inch npacing botwcon rmo were stronger
thnn thooo with closer apncod rows. Of these twos Q.&D, which
had ito rivets in line, mppcmrcd ntm~or tluu TM-D invhioh
tha rivetciwore staggcrod.

Tables 40 through
the various mocimons.

I?ntiguo Test Results

45 show tko mmlts of fe-tlbxo t~atn on
Fiquroa 37, 38, 39, md 40 show v.nrious

loablifo curvorJ plotted from thoso L~ta.

Figure 37 shows curves at three lend ratios for WOUPPIC-D
(a single rcw of rivets spaced 3/4 in. apart). Tho dottad line
ehcwe, for R = 0.25, the curve for the same type of epeclmene
post-aged (P2C-D). Apparently, althou@ post-eginK increased the
etatic–~oint sttingthj-it eli~tly
except at very high lcude ad very

F@rre 38 shows curvoe (solid
with rlveta spaced 1~2 tioh apcrt.
spaced rivets appear strcngcr both

deo=a~ed th= fattgue strengths
short lifetimes.

lines) for specimono (PIC-I?)
Th.cspacimens v~th the closor

statically nnd in f’atiguc.

.
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Tho strength dlff oronco in most marked
lif Otirloo. For cxamplo, r.tc lifetino

lt40AABRNo4 4JT’01

at very l~r loads mnd lo~-
of 3 x 10 cycles at e load

ratio R = 0.25, tho 3/4-hKh sprclng glvos ody about “60percent
tho strength of the l/2-inch spe.cing.

Fibgme 39 nhcws cwoo nt R = 0.25 for spocimm with rivets
3/4 inch qmrt h oe.cn row. Tho incrcn.se in stron@h on rdding
a second row 3/4 inch awcy is ovidcnt on cor.~zrim~W-o two curves.
Tho offoct of 9tc-gCorlngtho spots for tho two-row pattern is in-
lli~*ficcv.t. (qoth obsorv”-tionsr.pplyConorally to fr.tibmecurves
r-tR= 0.60. )

I’i,~..o kO show~ tho lo~d-life carves for throc groups of
SpCC1.;iOr.fJ, ?.11 of which h~.a a pattf:rn cor.siotir~~ of two rows of
stog~oro?. rivets qx’.cod 3/4 inch nprxt ii.mch row. ~~o ~p.c~~~

botwocn rows v~.riod fml.i 3/16 to z.1/16 iach. Apparmt-ly, joints
with tlm IcrCoat spacing betweor.rows w~ro stror.~o~t,boi~q ‘%.bo’~c
thnt for tho syocinens (3 Bl&D) with R si 10 row of spot wold8

Yand ~mcr”illy no,art~.ccurve for nl,ccinor.ox IllC-D)with two rows
of spots. -4,~.intho curve for spoci’~ons(Ql&D) with twc rows
of rivets lies very near th”.tfor spoci.:on~(3 Ml&F) with ttioo
rms of spot welds.

Vith t??o possiblo orccpt+.or of tho curvo for s ci~lo row
of rlvots, tho ordor of the jaint cfi’icioncion in fr.tigm is
nuch tho saue m tlmt for ztntic values (fig. 4). Thin, .41110
tho results Lndiccto R generally ?.oworjoint officimc~ in
fnti.mc than in str.tlc teats, they inpl.y th?.t riveted joints
mm b~ttor than spobwcldod onos in fatiguo on17 rs they %rc
also better ste.ticnlly (fi:;. k!?). It d.oo rp~enrs possiblo
that spot-wcldod joints err. bo mnde th”.t ?.rc M l+trmt; in
f%tiguo m rivotcd Jointc :\t tko pcmiblo O~+C:.f30 of hnvizg
nn oxtrz row of spot woldr~.

Bnttollo iicmorid Institute,
cnlw.ibus, 9hio, Jur.o 1, 19W.
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TAMS 1. WSLOIUOCONDITIONSFOR SBEETOF UNEQUALTHICKNESS

A. Spoimem’of I& AUaldod 011a MCO-2-S
SOi@ Weld.r

I Sottingi

IMu. mmrgy r*lay

ICOmt~otorpale-

IInitiatingnwitoh

Forgingpre-c.,gage

Shoat1
.0 z - .040

162

m

8

30

60

60

s

v-riable

6

160

S&S

6

35

64

64

3

variable

6

t B. Speolnmnoof Lot B Weldedon ● Taylor-
77~nfieldrookararmtypestoredenergy

maohine

I

I SheetTk oknencea
Settings 025 - 032, I 032 - 032, 032 - 040, I 032 - 061

Pressure(Lba.) 680 800

ChargingVoltage 1200 1360

Ccpaoity(mfd8) I 960
I

960

Holdingtime (dial) 3 I 3

910 050

1400 1350

1200 1200

s I 3

L ,

TASLS2. HELDDIMENSIONSANDSTATICSTRENGTSB- SHSETSUWWXJALGAGE

M

Indentation
SpeOiman Geges Diamter Perntration in Thinm@t

●aignation of Sheet df Weld of Weld Sheet ~ay,:~d ](a Remrkm

BIBO-D 040n 0.190-2 0.01S.032W- . 5@ in 0.040” O.CKM” S29

}

Weldedon PM20-2-S
S@ in 0.032n

(1) .040”- .C40n 0.230n 66% O.oosn 616 Zoi* Uohine

BICD-D .0400- .061” 0.190W 6@ In 0.061” O.caw 676
76Xin 0.040m

HAS-D O.ozsu- 0.CE.2” 0.120- 35$in 0.032” 0.004H

1,

310 W ldedoo Taylor- Win-
C 5@ in 0.026”

0.032m- 0.032W O.lzsn 6m 0.0029 S78 fieldr~ker wm .typc

MBC-D o.032m- o.040m 0.140S
t%:: kgs:

O.OM” 436 ●toredonorgymhirn

(1) o.040~- 0.040” 0.175” 50% O.me 620

EIBD-D 0.032n- 0.051” O.lwm 65% in 0.051” O.oodn 4s4
c 45$ in 0.032n

(1) tic. cow imonwalue-ha?.beentaken frca pr-iouglyrqmrtadwork. In @aw8i tho
weldlog conditionswero●lmilarto thog.glw.nin Tabla1.

(2) staticfaluegwere obtslnod at kttolle on six qot spcimns oxactw12h themttiodb
fsti~..Ya2uosr.port.a~ thoweld.rafor ●imglespot coupons T- Sltitly from thos.
K1- sbw.~t 8hw.-t2ytlusuoarderfordifferentMS.



TASM’S. FATIGUETESTRESULSSFOR SPOT+SKXO LAP JOIkTSPB21HENSOF
SHEETSOF UN2QUALTEICKRESS

Speoimns of LotA. Sheets0.0329to 0.040”

4

MaximumLoad
Tot 1a

Spaoimenno. Lbs. Lbs./2n. Lb6./Spot Cyolesto Failure Renmrka

atio .26
B12+9D 1650 S30 275 14,s00 .0409sneercrackedueldapulledin =

‘7 1500 300 260 19,200 Weldspulledin .0329#hoot
1 1250 250 208 61,700 Pmtially pulledweldsin .032Wsheet
2 mm 2(K) 167 260,5CQ Fatigueorackcin bothsheets
s 876 175 146 4s9,400 Fatigueoracksin bothsheets
5 7s0 156 130 546,200 Fatigueorackein .0S2’sheets
6 780 156 130 547,7CQ Fatigueorscksim.032.sheets
4 750 150 126 1,576,S00 m Www ●

8 660 lW 10s 1,861,S00 w m new
10 625 125 104 3,174,400 m ● aa II

ltio.50
16 21m’ 420 350 7,3co
13

Pulledmeldein.032msheet
18@ 360 300 35,300 II mnmw

12 1500 300 250 120,slo Fstigueoraukein toth #bets
11 1250 250 20s 266,900
36 I.S@) 240 2&) 342,100 Fatiguecracksin .032nsheet
M 1000 200 167 1,115,100 n Umnm

1s 850 170 142
17

2,3S4,100 Fstiguecrackein .032nsheet
S25 165 138

19 750
1.446,8C0 Fatigueoraoksin .032nehaet

150 125
20

4,036,900 Fatiguecracksin .040-sheet
7(X) 140 117 >18,936,7CK)

Ret-d 1800 360 300
14

34,3WI Pulledweldsin .032aelmet
6~ 120 lW >10,213,200

Reload 1500 260 172,200 Fmtiguearaoksin bothehoetm

ltio.-Q
22 2600 420 433 23,000
32 23cm) 460 363
26

113,200 Pulledweldsin .032-sheet
2000 400 333 121,300 m nnu ●

24 1754) 3m 291
35

326,800 Fatiguecrscksin .040Wmeet”
Moo 300 250 1,130,300 Fatiguecracksin bothsheets

25 1400 280 233 1,085,100 u nnllm
27 1250 250 208 1,567,200 m nmmm
34 1200 240 2CX) 3,822,5CQ w ● n,8

21 1125 225 168 4,263,CCQ Fati- craske M M“ sheet
23 mxl 200 167 4,320,700 FatiguecracknIn .032’shot
33 W 1s0 150 > 15,972,S00

Reload 1500 300 250 l,544,7cQ Fatiguetrucksin both dswts

..



la

SpeoimenM

●tio .26
~D

7
3

:
4
6
10
28
6

Roloed

htio .50
19
13
18
12
11
17
14
16
16

Reload
9

Reload

26
22
36
S6
21
23
26
32
34

Reload
W

Rolad
20

Relad

TA814140 FATIGUE TEST RESULTSFOR SPOT-WELDEDLAP JOINTSP~IMENS OF
SHUTS OF lJNE@ALTHICKNESS

Total
Lba.

Speoimna of Let A. Sheets0.040mto 0.051W

Maximum La

22s0
2100
2W0
17m
1350
1100
876
660
826
800
Mm

27543
2376
2260
2000
1600
14m
1125
1000
1000
1760
600
1500

3250
2850
2500
2400
2lCQ
2000
1700
1600
1600
1400
2604)
1300
2700
12(X
2400

460
420
453
S60
270
220
175
170
165
160
300

650
475
460
400
300
280
225
200
200
360
1s0
SW

650
670
600
460
420
409
340
320
300
260
600
260
640
240
460

Lb@./Spot

375
360
333
292
225
183
146
142
137
133
250

45s
396
375
333
250
233
107
167
167
292
150
260

642
476
417
400
360
333
283
267
250
233
417
2L7
450
20Q
4CMJ

Cyoles to Failure

7.000
14,300
14,900
39,500
109,4CO
226,700

1,097,200
767.100

1.705,800
> 9,649,3CK)

123,100

1.100
32,41xl
39.400
108,500
220,700
427.700

1,268,100
3.039,9CQ

> 9,412s200
144.800

>10,229,400
263,S00

40,700
179,200
429.200
286,900
426,300

1,291,800
2,255.000
3,485.500
2.576,000

> 17.886,600
148,900

>11,472,500
143,400

>10,368,400
344,9CMI

Pulledwelds in .040nsheet
w Ilwmm
w nwmm

Fatigueoraoka,in.D4@ sheet
H n ❑ mn
n n mm!!

n n Wlln
n n mww

Fatigueareekein .040”sheet

Pulledwelds in .040nsheet
u I!*IIW

Fatigueoraoknin both Bhwetm
* m IIWU

Fati~e worse in .040nsheet
Fatigueoracksin .040nsheet
11 ummll

Fatiguaoraoksin both Aeetfi

Pulledwelds in .040nsheet
N llnnm

Fntiguecrsoka in both sheets
Pulledwelds in both sheets
FatigueoraoksIn bo:h sheets
u u w II

Fatigueoraokain .0408sheet

Fatigueoraoksin .040Wsheet

Fetigueorsckain .WOm sheet

Pulledwelds in .040Wsheet

Fatigueoraoksin both sheets



TABI.E 50 FATIGOE TEST RESUII’S FOR SPCWWEIDED LAP JOINT SPECIMENS OF
i

SHEETS OF UNEQUAL TRICKNESS

Specimens of Lot B

Maximum Laad
Total

Specimen No. Lbs. Lbs.~~n. Lbs./Spot Cycles to Failure Remarks

Sheet 0.025n to 0.032”

Ratio .25
BIAB2D 1000 200 167 ‘1,400 Sheared welds
C7 875 175 146 24,900 3 sheareduelda- 3 pulledbuttom

1 720 150 125 65,000 Fatigueoracksinbothsheets
3 625 125 104 318,100 n II Ilw n
9 640 108 90 936,600 Fatigueoraokein 0.025n sheet
4 500 100 83 1,119,400 n m tln w

5 400 80 6’7 1,822,200 II II wn e

8 400 80 67 4,154,100 n n NW n

6 360 72 60 4,755,60U n u H n II

Sheet 0.032” to 0.040”

EIBC 2 D 1250 250 208 20,800 Fatigue cracks in 0.032W sheet
1 900 180 150 177,000 n m I in w

3 650 130 108 944,600 n II n 11 m
4 550 110 92 1,287,700 n n H VI M

Sheet0.032nto 0.051W

EIBD2D 1500 300 250 11,700 Sheeredwelds
C4 1200 240 200 79,700 Fatigue cracke in 0.032U sheet

Buttons pulled in 0.051a sheet
1 1000 200 167 245,000 Fatigue aracka in 0.032” sheet

7 810 162 135 770,300 Fatigue cracke in 0.032W sheet
8 810 162 135 595,500 n n a n n
3 750 150 126 1,706,000 Fatigue oraeks in both sheets
5 675 135 112 1,407,600 Fatigue cracka in 0.032 sheet
6 600 120 100 > 17,166,900

Reload 300 60 50
!M Reload 2500

> 1,967,400
m 417 300 Sheared weldg

9 550 110 92 2,344,800 Fatigue craoks in 0.032” sheet

..

I



. ... . . .... ... . ... .. ... .. ..-.——

lfAOA

-.

m no. 4F01 ao
TAMS 6. FATIGUE TEST RSSULTS SOR WNOBWOK SPWIHSNS OF 24S-T AI&LAD

l. OCCInX 0.040” AZ CENTER SMTION

hd
p.m.l.

Typo of
Ekilur.apeoimenMo. OyeleS to 3hilurc

4A1O 6
4

;
3

atio .60

7
6
8

2660
1646
1660
1166
1064

64.000
60,000
40,W0
20,000
27,000

64,000
64,000
44,11M

26,700
112,000
234, S00
927,100

‘ 11,410,300

l/4n off oentor
3/6” ditto
9/16” “
lfl” m
Did not fill

2496
2106
1710

138,600
492,S00

1.722,200

7/16”off 00nt9

1/4” Uitto
1/6” m

StatioTeneileRe6ultl

StatioUltimte, St.mtioYield,
!$
Elon&o:t&on.

8PooimonNo. p.s.i. .s.i.
f I

4A1O 9
10

67,1S0 I 41,600
66,1E41 41,100

16.3
16.7

TASIJI7. FATIOOE TE6T RESULTS FCR M)NOBWK SPEOILE2JS OF 766-TALCIAD
l. OOOw’X 0.040n AT CQ?TER SECTION

#

Cyoles to Fmilure*
Type of
FailuroSp30imenNo.

~tio .25

24S6
1648
1634
1660
1292
1170
1666

64,000
60,000
43,000
40,000
34,000
30,000
46,000

67,000
36,000
50#cQo

22,400
?2, s00
66,000

ill, SCO
260.700

>10,116,300
84,600

1
4
2

Reload

~tio .60.

9/16m off oantor8
7

Wad

2220
1s62
1960

347,400
>12,117,200

821, s00

StatloTenciloRooulta

QtmtioUlttite 8 StstioYiald. Elongation
9pooimenNo. p.a. a. p.a.i. %in2”

tAlo9 76, X43 66,800 9.3
10 77,600 66,600 9.6
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TABLE8. FATIGUETESTRESULTSPoRIAP JOINISP2CIMSNSOF 245-TAMJAD
WITH ONE R(M OF SPiXWZLLM3/4”SPACED

(Group4B4CD)

-km bad
To-1 Cyolasto

Llpooimma lb. m, ● Lb8 ./spot “L?Jn./In. Fhilure Re-rks

SAtio.26

4B;C4D 21xlo 333 4W
1

2,s00
1600

Shear
250 300 3B,cxlo a and pulledbutton

2 1000 167 200 423,800 Fatiguecraoki
5 Em 133 160 1,055,600 ditt-a
3 700 116 140 5,453,600 “

Iatio.60

6 2000 333 400 49,600 Pulledbuttons
6 Mm 250 300 249,200 Fatigueomoks
7 1000 167 200 1,683,200 dittx.
9 6LXJ 133 160 > 13,743,700

Reload 1700 283 340 127,300 Pulladbottom

StatioTensileResults

StatloUltimato
Speoimn No. TotalLbs. Lbs./S@ Lba./&oh

4~IC 14D 2700 450 633
2600 433 607

TABLE9. FATIGUETESTSX.WLTSK)R LAY JOINTSPZOIKKNS
OF 755-TffiCLADWITHONE Kl)WOF SPOTWZLM

3/4 INCH=ACZD

(Ormw BjC-D

MaximumLoad
Total cyclesto

,oimenNo. Lb,. Lb8./Spot LbS./In. Failure Remarka

10X.25.

BIC-3D 20CKJ 333 400 3,5(M shear
G
1 1500 :Cl 300 32,000 Patigueoraoks

1000
t 1

200 ll$7,1w Ditto
700 11 140 9S3,200 “

116
2 E

g n
96 >lw:x? #

Reload 1000 166 200 197,500 m

io .60
T 2400 MO MO 6,500 Shear nodpulled

bottons
9 20Q0 333
7

36,3ca FulledMttons
1500 250 g N+9,2w ?atiguocracka

u 1000 167 200 Eg5,8Ctl Ditto

Static TensileRem.altc

staticUltimatn
cimenNo. TotalLbc. Lb8./Spot Lba./In.

-llD 27s0 463
12

556
2960 493 57s



r
Ii;~:
ig:
1

i
I
i

~

I
I
I

i
I
I
iI

w

TAB1310. S= IINATIOES W S=- WITS V- SCIWACEPSEPAEATIOFSMD -IBC CfXDITIOSS
+

~*tic(s)Joint *=h

(2) (~~j
KS,

koup Surfaoe Reparation Ueldingconditions ($) x-% -b

A, Alcoholdip endwipe.D.O.weld.Tip force 4s40 gg.o(~) Yo Specia14 tie weldswithfusedAIcld
so~.14 etc& (1)Yfre 1370f,1.65Kv~ mfd, ring=oud

T
t (~ coronabonding]

bmehed. Weldedwithin 195 turnsratio7~/
1

adds a~ 35 to spotstrength
10 mim opt setup
B. Direrseycleaner, D.C.maid.Tlp rorce 4530 l%+’+) Tee Note larger welticoapmed to first
Cl@ etoh,wirebrushed.12fX)f,1.g= S00mfd, groupof epecimena.
Veldedwithin10 min. 195turnsratiotie

tips3ea8*/ep9t
Oetup

L Alcoholdipandwipe.D.C.weld.Tip force 4150 73.4[5) Tern COrOM bondingper. Iuger nuggete
Sol.14 etchonly 1370#,1.75SV,~ tid, thanllmlp1. Loweroff.due them

195 turnsratio570+/ cleaning.
2 apotsetup

B. Direraeycleaner D.C. veld.Tip force ym 70.3(4) Yes licte larger welds compared to fIrst
thenClepaetchCM MO@, 1.IWXT,~ mfd, groupof specimece.

195 tuma ratio Dose
tips3SR,650+/qot
setup

A. Alcoholdip and wipe.A.C. wel~ ?Ip fcrce 51s0 95.0(5) EC Cood coro= bondingaddaapprox.40$ to
Sol.14 etch.Wirebrueh=~~, 24000am 1,
ad.weldedwithin10 min.timi% g.; l&@t

spotstrength.

3 setup
B. Dimrsey cleaner, A. C. weld.Tip fcrce 5oco 94.3(4) Ho
Clepoetoh, Xe bmehed.600#,24700amp. th

Eota largerwelds coapared to first
group of epecimens.

Veldadwlthln 10 min. ing 24,mm tipc3*
U g5ti/Owt setup

4 5-A17~ lCK)”rivets3/16fIdiam.Both sheets 4100 73.6(5)
diqhd. lCXM#/rivet

5 12.A17m1(XYrivets,l/6~diem. 4410 .s2.7(4) BelieTed to be best
kivbtCQMbiMiiQU

(1) Sol.14 developedby E.P.I.
(2) D. C. weldsmade on hderal Mel P3-12-2Arnohine,thrm”.t21W, TipsElxallq 3’ a.

A. C. weldsmadeon Federd P3-12-fi,thrcmt21m,G. E. &ontrolPanelCE7503, Tips 3n R.
(3) Average tiue6 for theseepecimene.
(4) Basedon actualdimeneionoand &,@) p.S.i. for parentmtal.
(5) Baaed cm aotue-1dimensionsand 66,900 ‘ ‘ ‘ ‘
The alwe irfamaticnwas furniehedt!cmoughthe courteeyof Mr. C. W. Ste!nv&



2!ABL2 11.

Ipaolmell
d Group

Irrap 1s D.C.U024S
WimbrUh

I
tA

1
4
7

tB
2
s
5
6
8
9

t

7
a
2
3
5
6
8
a

bximRLomd
(?ote.1 =.)

cyobs to Avorege@Cb s
Failure to Failura

(M B)

15,3(X)
MM,m

2,243,m

)14,200
lS,000 — - – - ‘“m
w,

7222,W0 — - - –lm”m
al),

7683,W0 — -
- -dm,mo

19,mo
6s,mo

307,a10

1
3.7(X)
4,W0
73#mo
m,m
422,2U)
560.OW}

—

—

—

— 4,050

— 73#OG

— 426,060

~OkII and
Group

IWUP3: ~ Welds
wire brud

otA
1
4
7

ot B
2
s
6
6
6
9

my 4t 6 rivets

2
s
4
6
6
7
8
9

nmp 6s 22 riveto
1
2
3
4
5
6
1
8
9

‘5

Y3BLB11.co2mmED

hxlmm bad
(TotalLb-.)

3070
15s5
820

3070
2070
16s5
1535
920
820

2070
3070
3070
1526
1565
1666
WO
920
ao

m70
3070
3070
1525
2526

320

z

1

cyole8to Ammga Cyolea
Failuro to Failure

(I@ B)

6,200
89,200
612,200

15,400
6,7004

—— —6,060

81,600
80,8001——81,160

287,500
264,lcQ1—‘276,600

16,200
8,200 — _ 6,4oo
4,600J

88,200

}

99,800 — - lo9#~
lse,7m
719,600

1

l(x,200 — — 697,000

685,400

MtOS All tasto at bad ntie of 0.260

}

11,200
1o,200 — — 20,200

0,600
M0,2m

1
229;700— — l&.l@j
176,2(X3

2,167,600
1,1s7,200 — 1.603,600

1.205,600



TASIZ1s. PATIGUKST~GTB As A FONCTIOIJOF SPOT S1SSIiiSFOT- M4DB~m DUFEREMTSUNYACBPR2?ARATIOU

Speoimn

AC-UB+l
AC+6
AC* $
ACUB+6
DO*+
DC-m+?
Dc-nB+7
DC-71S+6
DIXJc+l
DC-CC+2
DC-cc+
DC-cc+

Lbs.Tote
lad

3070
3070

920
920

3070
3070

920
B20

3070
:!070

920
920

Cyu19*
to Failure

830Q
6400

Sls,100
2S7,6@
15,300
14,100

,24S,800
600,@3
19,700
3,700

307,s00
412,MXI

CoronmDiumteq
Inches(Total)

0.278
o.28e
0.275
0.290
0.230
0.2S3
0.285
0.265
0.260
0.256
0.261
0.258

CoraieArea*,
SquareInchen

.0502

.0369

.0469

.0416

.0242

.0275

.0324

.0269

.0277

.0202

.0296

.0218

NuggetDi~ter,
Imhes

0.115
0.1s3
0.126
0.177
0.149
0.166
0.160
0.1s0
0.180
0.200
0.169
0.197

NuggetArea,
Sq. Imhs

.0104

.0264

.0125

.0246

.o174

.0216

.0255

.0283

.0266

.0314

.0199

.0305

EeldPexwtratiom,
$ Of TotalSheet
(2x 0.040)

50
65
50
65
50
66
65
65
50
55
60
50

AC - Alterm9tingourmnt
Kkl- Direetourmnt
NB - Wim brusholoumd
CC - Chemically mlemnad

TABLE14. WELDINGCONDITIONSFORPANFM FROMCALIFO~ INSTITUTE
OF TECB.NOIMW

I I
● Are-mss-d bonded.Theextentof bondingwas estimtedfromtheappeeranc
of weldsefterthe sheetswereternaprt. Meterial: I 0,040”to 0.040’Alolad246-T

lkchinos Twlor+inf ield Ei-mvo. oondenwm
I di;ohxrgowelder,440Mne volts.

leotrodeprosmre~ 1100lbs. I (Oonstant)

kn~oitemoel I S30mfd.
I

$oohnt~
oltage: -----

TABLS12. APPROXIMATEJOIST EFFICIENCIES FOR SPKCIHENSWITR VAIiYING

~AOS _ASATIOS6 i

hnmt 1

I

Slinohe# {o~t&j
rat 9 1/2 inohes (oonetent)
diuctopeleotrodo 4 inehoc (eon.temt)
diuabattomeleotrode 4 illohes (Oon,tont)

I I

t
Nit+rialoleem.dinOaki- #63 end Oeklte #64

1 1
1 I I I

Fpeclmn JointEff.in PerCent●t VariouoLifetims I
Yw

Spotnwlded 64-63 3S-47 U-42 30-38 - .Sg
Riveted 66-64 42-47 40-44 36-41 3e-41

L

Above ●re ●pproximtelbitingnlues from the #oatterbemde~homaIn Figure &
Coloulmtioneu-egrem ●reaimhth aa~e-md Aeet &h fremReferenoeS
*g@ 302.

Rnel X0.
1
2
3
4
6
6
7
8
9

Voltxge
13s :
16CQ
1600
17W
Moo
1s26
2026
2126
2250

NJ
*



TAMS 16. IitOPSRTISSOF SPOT HKIM lTi~ CALIFCMIAIISTITOTEOF TECSHUY SPECIH2NS

1

Muo Mx4
Avg.HeldBug@ Diametar Avg.Cor_ Dlaaetmr“) Anwage

Anrage (2)
Offset Indentation

P8nel Radiographs,
Stitic Shoe]

H.lcrographs,Radiogiaphc,Hlorographs, Penetration, fremCehtar on @e Side, Strength,
!hmber Inohes Inohes Inohes Inches Inohes Line, Inches Inches Pounds/spOt

1 0.131+4.010 0.102%.010 0.214++.010 0.226+4.001 0.020%.0Q3 o 0.004 230%0

2 0.139+4.010 0.122%.010 0.224+4.010 0.2S6+4.001 0.031%.002 o 0.005 320:2(3

3 0.170”4.010 0.16A.CW 0.247%.010 0.249+4.001 o.037a.cm o 0.006
4 0.179+4.010

419+40
0.171++.010 0.250++.010 0.259”ti.002 0.040%.005 0.002 0.007 490t20

5 0.19B”4.OKI o.193%.(X5 0.260+4.004 0.2?O+4.W11 0.061%005 0.003 0.C07 570%0

6 0.213+~.010 0.2CE+4.010 0.271+4.010 0.26SbX12 0.058++.005 0.004 0.007 583%5

7 0.228+4.010 0.220%.005 0.283+4.04370.294%002 0.062%.008 0.005 0.008 735*1O

8 0.244+4.010 0.24S”+.005 0.s01+4.010 0.312++.005 0.065+4.005 0.007 0.010 9s3:10

9 0.262+4.020 0.246%.010 0.314%020 0.S20k.015 0.070%.005 0.007 0.012 1076ho

(1) Totaldiameterof cormm ring- nota dirootuamremnt of corom uea.
(2) Avwragoof resultsfmm S specimens.

A few●bnornlly
largewlds ●ra in
thisgroup. Sme
!wsldaunbondadwith
includedAlalad.
~Veryo~nly shaped,
no orackaor includ-
●d Alcladin nugget.

Ditto#2
Buggetahapcbemmes
distorted;other-
wiseOK.
Huggetroimdedon
oneside.
Iluggotnppmaching
.Wdumbbell‘shape’!.
SOm mnmlltransverse
cracking.
Craokaand porosity
Nuggetmeltedthrough
1outmrAlclad.
A fewabnorraily
smmllweldsare in
thisgroup. Allweld
overheatedwith
oraoks,‘porosityand
moltingof outir
Alclad.

Eote, Mearly●ll weldswereroundwithrespct to the surfacehadng the
aaxmdimtars P1101 and perpendicularto tiedirectionof tasting.

co
rn
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TA3LE 16. FATIGUE TEST RESULTS IWR SpECIMENS WITH A
RIDE RANGE OF SPOT WELD SIZE AND STATIC STIUMGTH

VALUES

Spechnena z 3’~ Hide, 0.040” - 0.040” Alclad 24~,
3 Spot a in row Transverse to Loading

~Xirnum Load
,peoimn Total Lba. / lb s. Cycles to

No. Lbs . spot In. Failure PJpa Of Break

&iO .25
HIC 1-3 522 174 174 59,000 Shear

1-4 398 133 133 1,613,9W Fatigue craok
1-2 318 106 106 2,958,000

2-3 750 250 250 2,9G0 Shear
2-4 570 190 190 130,109
2-2 474 158 158 831,900
2-5 390 130 130 2,499,000

3-3 900 300 300 4,800
3-1 615 205 205 138,500
3-2 393 131 131 1,206,200
3-4 348 116 116 3,410,100

4-1 736 245 245 800 Shear
4-3 735 245 245 46,900
4-2 468 156 156 974,400
4-4 390 130 130 4,158,000

s-1 846 282 282 44,100 Pulled buttons
5-4 540 180 180 321,500
5-3 339 113 113 >9.275,100

Reload 1200 400 400 3,200

6-1 864 268 288 17,200
6-2 552 184 184 416,000
6-3 480 160 160 818,000
6-4 408 136 136 2,298,600

7-1 1104 368 368 13,100
7-4 840 280 280 82,700
7-2 702 234 234 147,400
7-3 450 150 150 2,351,800

8-1 1428 476 476 5,500
8-2 912 304 304 67,400
8-3 630 210 210 331,100
8-4 420 140 140 4,075,600

1596 532 532 2,100 Pulled buttona
;2 1014 33a 338 102,900

9-3 720 24C 240 247,300
9-4 450 : ;g >10,23g,TC0

Reload 1600 3,300
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T- 17. SPECIFICATICHSFOR SPSCIMSNSWITH
VARIOUS~T KULD PAT’ISINS

Iii=
Specism
signation

04Xi6gsheet
.

0.04& shot
3 BIC-D

3 lflB-D
3 K?S-D

3 13S-D

&

-

!10 .
Ows

—

4
—

1

2
2
2

3
3
3

3

4

—

1

3
3

3

=

rotd
10.spots

4(3(1)

6

12
18
12

18
29
29

29

~$1)

6

18
18

18

spot
Spacin

3,Illcheo
?Verlaq
,&chwLl(

istance(2)
Batnuen
Rowe

(Inshec)

&seFig.3)

~L

g;

~s

{:

;s

SeeFig. 3)

3/4 s
3/4 s

3/4 s

Reuarks

Ioeingjoint

‘ost-aged (3)
Ifterwwlding
‘ost-agedbe-
;OS-Swelding(J

IOeingjoint
roll- wwlds

‘ost-aged(3)
ifterwelding

~~~~~i~l’:

(1) Inthese test% the totalrnmuberof spots varied slight-

TABLE18. STATICTESTRESULTSFOR SHSETUSEDIN SFOTWSLD
PATTERNSPECINliNS

(AllSheet2434 Alolad)
(AllTestPie.es1“ Wideat CenterSeotion)

Spacimn

As Received
AIF 8
AI.F9

3 AIC 12
3 AIC 13

5 AIC 9
5 AIC 10

3 AIE 12
3 AIS 13

Post-Aged*
3 A2C 22
3 A2C 23

3 A2E 20
3 A2Z 21

.=

(I~~s)

0.016
0.016

0.040
0.040

0.040
0.040

0.C64
o.C64

0.040
0.040

0.064
0.%4

Ulttiate

7

(p.s.i.)

66,250
66,250

65,200
66,700 ~

67,200
67,200

69,900
69,900

68,700
69,0~

73,200
73,200

Yield
0.2 in 2*
( (p?s.i.)

45,600
46,100

46,800
45,600

43,660
43,680

50,266
50,266

64,2C0
63,900

68,300
67,900

13.2
13.9

14.2
14.1

14.3
16.6

16.2
16.4

4.5
4●4

4.6
4.5

● Heat treatedten hoursat 370”F.
ly from one specimn to another. Valuesgivenhereare
averageones. Slightvariationsin individualCroups
●re discussedin the text.

(2) S denotesspotsin adjacentrowsstsggered,& spotsin
~ine. See Figures 19, 20 and 21 for illustrations.

(3) Heat treded ten hoursat 370”F.
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TAMS 19. ~LDING CCMDITIONSFOR LAP JOINTSWITH
VARIOUSSFOT PATTWEJS

Maohine: FederalSpot WeldingNachine,Model P3-12-RA
RoytheonCondenserDisohargeUnit, Spat.No.
W-4508.

Spaoimn (houpa mgreaaing Etohent

3 ElC-D,3 KIC-D,3

3 LIC-D, 3 MlC-D, 3

3 ElE-D,3 NIE-D, 3

3 N33-D

ltlC-F,) Divareey
I

Clepo

N2E-D,)

[
3 M2C-F, 3.M3C-F Aoetonedip and tip R.P.I. Sol’n.14

I Tip Foroe
Spnr:mn Group@ (Lba.) L .V.

I 1---1
13BIC-D, 3 NIC-D,3 KIC-F,)

I
3 LIC-D, 3 MlC-D, 3 MIC-F,) 1200

1

.76

3 M2C-F, 3 M3C-F

3 ElE-D,3 NIE-D, 3N2E-D 2000 1.98
I

Mfd. TurnsRatio

000 196

1800 390

1800 390

Not-at3n Rad. dome tips used for all groups.

TABLE20. NELDINGCONDITIONSIWR SOEING JOINTSPECIN3NS

t
10 Detailsfor jointsin 0.016’!sheetare not evailable. Conditlona

were thoseof oeurm?rcialpraotice.

. Jointein 0.040”sheetwere made on a FederalCondenserDiaohmrge
Roll Spot Walder,Serial8908,440 volt, 60 oyclee. Conditions

Etah - Six minutesin Oekite 64-A
UpperNheel:(10’1dimrmter

(~ wide facewith 1* radius

rLowwrWleel: (11 dianmter
(7 8“ wida flat face

ae

Notex Spotanot exeotlyin ohain alignnwn~but
eanm aa thosebeingmde forairplanes.
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TASLE21. STATICS~GTS ~R LAP JOISTS‘WKTHVARIO!IS

I$moirm Group.

U2.F-F

3 BIC-D

S KIC-D
3 K2C-F
3 LIC-D

3 MIC-D
3 MIC-F
3 M2C-F
3 M3C-F

S UIC-F

3 BIE-D

3 NI.S-D
3 N2E-D
3 N3.E-D

-

SPOTPAT’ERNS

Totd Lbs,

3,.3s0

3 ●806

6,930
8,970
6,615

6,860
10,250
9,360
11,050

9,700

0,970

14,760
17,170
18,240

Lba. per
spot

61

634

677
600
660

493
354
319
381

226

1.161

8s0
966

1,013

m

JoiBt Eff
($)

68

29

62
68
60

67
77
66*
80*

n

31

66
76*
60*

dlsecj statio ultimte Of poet..aged sheet.

TABLS22. FATIGJSTESTSE5JLTSFcR MoNOSLOCK SPECIMENSOF
SNEETUS2DFOR KIEIYG JJINT SPECIMQJS

bMe%ifiOta
SpeoiamnNO. Lbs<

I

I-J(0.016”sa@ ‘
RmtiO 2

AIF 6
4
2
1
8
3

Reload

P
AM 10

12
11
7

Reload

l==(0.040” gage
Ratio .26

6 AIC 8
3
1
2
4
6

Ratio .60

I 5 AIC 7
6

B raoe

1024
966
636
640
676
462
644

966
912
880
600
976

I raoa

26IYJ
2410
2010
1610
1360
1044

2400
1800

—

iLoad

p.s.i.

ed)

64,003
60,C03
52,000
40,coo
36,00c
30,000
40,1WC

60,000
6’1,CQC
65,000
60,C@
62,000

od)

65,CCX)
60,000
60,000
40,00c
“34,WC
26,000

60,000
46,000

Position
Cyolesto Fmilure of Break

2S,400 FailedI/Swoff otr.
31,100 Failedin center
72,700 Failedl/lSmoff otr,
368,000 FailedS@ off otr.

3,147,300 Failedin oentir
>9.947,100 Oid not fail

306,400 Failedin oonter

561,400
646,200

Fal~d I/dn.:f oP.

2,706,600 Failedll~2” off otr
>1O,168,8CQ Did not fail

407,100 F,ailed l~n off etr.

32,8(XI
63,600
117,100
262,600
563,400

2,384,900

239,800
2,942,8CQ I

a9



= 2S. FATIGUSlSST RMOLTS RIR WO~CK SPECIM12iS
OF 0.040”2434 ALclJAD

1-Mxil
Ota

Ipoiman Ho . Lbs.

!atia .25

S AIC 6

:
4
1

17
3

;
s

I2600
24ao
20m
1760
1520
1288
1200
10s0
1020

I 960

htio .50

IAM’ 15 2605
11 2205
14 1522
16 1440
18 1320

Reload 2000

!atio.75

;AIC 10 2600
21 2210

!atio.26

~A2C 26 2C430
25 1600
20 1200
24 972

Reload 1556
30 2400

I

--i

❑ Lead

p.a.1. Cyolestz Failurt

,areoeil’

65,CKX)
60,000
60,1XKI
44,000
Ss,ooo
S3,000
30,000
27,0CU)
25,5oO
24,0W

65,000
55,000
S6,000
36,OfXl
33,0CQ
50,CQ0

65,000
55,0ca

10Stwige(

iv%
30,Ooc
25,00C
40,0CKI
60,WC

d

as,ooo
49.200
101J)OO
171,300
301,Wo
41O,2WI
775,100
910,200

2,333,200
7,546,9(N

99,500
206,iO0

1,4s4,800
2,946,4C0

>11*347,n30
224,800

805,61XI
4,423,6IXI

72,200
145,200
469,300

>11,S35,800
65,4CQ
30,2C@

Position
of Break

Failedin aentar
Ilnu

Failed1/4°off oenter
Failedin omtar
Failedlfinoff oenter
Failed7~69 off oentel
Fail-ad1A” off oentar
Failedlfi”off centar
Failedin oenter
Fniledin lowergrip

Failed S/Sm off oentar
Failedl/4noff oenter
Failedin oentar
Failed1/4”off oenter
Did not fail
Fai 10 d in center

Failedin oenter

Failedin oentar
Failed1/8”off cents
Failedl@ off oentar
Did not fail
Failed1/4”off centar
Failed1/4”off center

* Heat treatadten hoursat 370”F.

TABLS24. FATIOOSTESTRESULTSFOR MNO~CK ~CI-S OF

peoimm MO.

atio .25

3A1.S9

8

6

1

2

3

‘7

4

atio ,25

3 A2E 17

16

18

14

10

11

15

Reload

0.0S4M24s4 ALCLAD

Haxhlm 1
mrmz

As N(

4224

3840

3200

2560

2180

1660

1730

1603

POah

4650

3840

3644

32CQ

2560

1920

1730

2560

,wd

66,000

60,000

50,m

40,0CQ

34,000

29,000

27,000

25,030

)Ii”

71,000

60,000

57,000

50,000

40,000

30,000

27,C4)0

40,000

Cyoleato Failure

3s,400

48,400

53,600

201.300

439,300

894,500

>10,273,300

>9,900,000

5,800

33,000

34,200

113,600

187,600

756,8CQ

>10,705,700

176,9CQ

●IIeattreatedtenhoura at 370”F.

Peaition
of Break

Palledlfi off otr.

Failed&off oentar

Failedin oanter

II II II

Failed7/%S’offotr

Reanvedunbroken

Removedunbroken

Failed~ off otr.

Failed5/6”off
oenter

Failed l/SM off
oenter

Failed l/16n off
oanter
Failed3/4m~ff
oent9r
Failed~ off otr.



TABLS25. FATIGUE TEST RSSOLTS FOR LAP mINT SPECIMENS
WI‘IIIA SINGLEROW OF SnT WELDS

(Group3 BIC-D0.040”Sheet)●

Rerrmrk8

Pulled buttons

n n

Fatigue craoke

Fatigueoracks

Fatigueoracks

Fatigueoracks

II II

It n

Fivepulledbut-
tons,1 shear
Fivepulledbut-
tons
Fatigw craoks

Did not fail

Pulledbutton-

Did not fail

Pulledbuttonr

TABLE26. FATIGUE TESTEESOIES30R L4P JOIHTSPZCIHMB
UITETWOMWSWBFG9-

&’
Lba.

m
Inch

peoimell
No.

~

ElC-lD

2

3

5

6

8

11

Relend

mtio *6O

dlC-9D

4

7

L2

Rsload

10

Reload

CyoleSto Failore

(Group3 KIC-D0.040”.Sheet).

S2CHI

2000

1250

533

666

206

167

150

129

108

200

640

400

250

200

160

155

130

240

300

9,700

397,300

1,132,300

1,015,600

Z,3S6,5W

>10,003,100

376,700

4,4CKJ

121,030

1,170,7(XI

>10,807,800

108,7CKJ

>10,141,600

11,000

peciuen
No,

Cyoles to
Failure

2.300

13,700

16,200

105,100

92,600

541,200

349,300

1,s93,800

3,2<4,800

xinuonLoac
~

33s

250

250

20s

200

160

150

117

104

!otnlLbs.

1009
atio .25

RIC-3D

1

12

2

14

4

13

6

7

900

775

660

1200

4000

3m

3000

2500

24W

1800

1800

14m

1250

ma

600

66?

500

533

360

400

280

250

1
,

i

30Q0

2000

12s0

10CO

1s00

960

26W

SOD

333

206

166

300

158

416

6C%I

4W

250

2ml

360

190

5m

\

I

ntio .60

QC-6D

9

360

280

1,745,900

36,W1,400

● Spaoi!mn3 ElC-D:Singlerow of apotaS/4a●part ●8peoirnnsS IIC-D: Spotapaoingwithineachrow S/4”.
Diatanoebetwaenrows lfl.
Spot-of altarnatarowsin line (of load); fi
overlap1 1X9.

in lm ovarlap.



TA8L227. ?ATIGD2 lESTRESULTSFOR LAP ~INT SPECIMRiS
HMtI~RCHSOF~W

(IlroupS .31C-F0.040nSheet)*

paohal maxi- Load Cyoleato
HO. ~al Lba. Lb 8 ./Spot Lba. /Ino% Failure

mtio .2s

3 nc-9F 5000 277 100C 8,500

0 4a)o 222 800 21,600

i SCM 167 6(M 72,500

2 1600 100 S60 476,100

s 1800 lm 360 S66,000

5 1600 83 300 6,614,500

6 lmo 56 200 >10,786,400

mtio.60

QC-13F 8W0 333 1200 11,500

11 45C0 250 900 95,CJ30

7 ?mlo 167 61XI 774,900

10 1800 100 360 1,707,800

12 1400 76 280 >12,210,100

Relend 3W0 167 600 1,001,700

I

TA6LE28. FATIGOETSSTRESULTSFOR W mIMT =2CI~S
RITiilWIWiSOFSFVT~

(GroupS LIC-D0.040”Shaet)o

:peoimn Haximaa Lead
No.

Cyolea
~otalLbe.Lba./S@ Lbn.flnob to Fmilura

ntlo .25
3 LIC-2D 4CO0 333 800 3,300

5 3400 263 680 7,700 ;

1 2400 200 480 83,S00

3 1750 146 350 331,0co

6 1300 108 260 91S,000

8 1000 63 200 >11,562,200

mtio .60
3 LIC-9D 4500 375 Soo 34,6W

4 3400 263 680 126,600

7 2000 167 400 1,072,44YJ

10 1750 146 350 >10,269,100

Reloed 2500 20s 500 72J,1OO .’

●Spacimena 3 LIC-D~ Spotapnoingwithineaehrow 3/4a.
Distnnoebetweenrows1P.
Spotsof alternatirowsstaggered.
Overlap1 lfin.

*Spaaiaam 3 lCIC-Fi Spot spaoingwithineeahrow ~.
Distanoeta~an rows&.
Spots of alternaterow= in line(of Ioed);
owrlap 1*.



TABLE29. PATIGDSmST R2SiZTSFOR LAF @INT SP5CIMWS
W17!EBIWSOF~—~

(lkowp S MIC-DO.M@ Sheet)*

—

peoisrm Heximum Load cycles
NO. TOtalLb8.‘Lba./SpotLba./Inoh to Fniluro Rszarka

atio .25

3 HIC-2D 60@ 333 1200 2,700

13 5000 278 1000 13,450

10 4400 244 880 62,700 Resultuoaertaln
Load varieddur-
ing teat.

12 3800 211 760 n,mo

1 3ooc 167 600 ~33,100

6 24(X3 133 48G 180,100

3 1700 94 340 1,146,7C4J

5 140C 78 280 >10,694,500

Reload 2200 122 440 363,300

btio .60

11 8W0 444 1603 1,000

8 6CQC 333 1200 27,500

7 4(XI0 222 800 175,200

4 3mo 167 600 623,C00

9 18C9 100 360 4,301,70C

●Speoirena3 MIC-D:Spotspacingwithineaoh row 3/4n.
Distancebetweenrows 1/2”.
Spots of alternate rows .,-:g:to*,
(lvotlap2s.

TABLS30. FATIGUETSSTRRSULTSFOR LAP JJINTSPECIUHIS
WIT3’13RES ROWSOF SFWW

(Group3 MIC-F0.040NShaet)*

1

:peolman hhXiU@JIULoad Cyoles
Ec. Total Lbs . Lb8./S@ Lbs, /Inoh h Failure

atio .2~

MIC-16F 80@3 276 h3m 2,90C I

3 70C0 241 14W 12,00c

1 6030 207 12 CM) V3,600 :

2 4200 14s 840 60,600

4 2800 97 560 S82,60C

6 2400 83 480 811,(Y2O

6 2000 69 400 1,476,1~

10 160C 55 320 >9,468,500

atio .60

MIC-15F 9400 324 1880 7,800

9 8000 275 16CQ 32, 7CXI

8 6Q30 207 1200 134,CW :

I
14 4702 161 940 212,500

7 3800 131 760 1,965,800

13 3000 103 6@3 >12,626,600

Reload 3800 131 760 857,0m

●Speci~ns 3 MIC-F: Spotspacingwithineaohrow lfin.
Distancebatweenrows l~t?.
Spotsof alternaterows ateggereii.
overlap2’1.

w
cd



TABLE31. FATIGUSTESTRESULTSFOR LAP JCINT SPECIMZ?$S
WITE THREEROW OF SPOT=

( Group 3 WC-F 0.040” Sheet)*

pecimn
NO.

etio ,25

WC- 6F

2

1

3

4

Reload

atio .60

M2C-1OF

7

5

9

Max
GTiIK

6000

3800

2400

1800

1400

3200

7600

6000

4000

3000

--

rum Load
m

207

131

184

52

48

110

258

207

138

104

>

1200

760

480

360

280

640

1500

1200

800

600

P

Cyoles
to Failure

5,800

75,900

396,200

856,OQO

,11,360,300

100,300

12,100

27,400

218,60+3

1,134,100

*Speoinwns3 IJ2C-F Spotepaoingwithineaohrow 1/’2”.
Distanoektween rows1/2”.
Spote of alternate rown’ e~~~rod.
Overlau2n.
PoB&ed dtor welding (heat treated 1

TASLE32. FATIGiJZTESTRESULTSFOR LAP X)INTSPECI~S
WITIITHREEROW OF ~T m

(Group3 M3C-FO.MO” Sheet)*

peoimn MaximumLoed Cycle e
80. Vote 1 Lbs. Lbs .jSpO t Lbs./lnc~ to Failure Rouarke

atio .25

3 M3C.4F 7000 241 1400 11,800

1 550Cl 190 1100 23,700

2 3800 131 760 101,500

3 2600 90 520 320,800

8 2000 69 400 2,716,900

10 1700 60 340 >10,344,600

Reload 3800 131 760 l16,4@3

ntio .60

3 M3C-6F 6C00 207 1200 96,800

6 3800 131 760 700,700

7 2800 97 560 I,667,0Q0Resultunaertnint
Load”varieddur-
ing run.

9 2400 83 480 >11,161,700

Reload 3600 131 760 750,600

u
hm. at 370”F.) ●Speoisxms 3 M3C-F: Spet apaoing within eaoh row l~n.

Distance between rows 1P.
Spotsof altemste rows os~erad.
Overlag 2s.
Post~od bof ore welding (haat treat ad
10 hours ●t ~O*F.)



TASLE3S. FA1’IGrUETESTRESULTSFOR LAP JOINTSPECI~S TARLE34. ~ATIWll TXST 3E5ULTS~R I@ JOIE
Inm HX31NGTrPE SPur w PMTERE

(GroupUIF-FSeeingJointin 0.016”Sheet)*

pechen MsximumLoad Cyol.e
No. ?otalLbs. Lbs./S@ Lbs.fl nah to Failure

~tio.25

UIF 11 F 3030 75 6CQ 10,6GO

2 2000 50 400 40,900

1 1mo 39 318 87,600

17 1400 35 280 109,2CQ

3 1250 31 250 114,4(F3

4 1000 25 200 207,200

5 750 19 150 465,200

6 600 12.5 100 1,021,100

7 360 9 72 2,204,400

12 260 6.5 52 > 10,044,700

Reload 3000 75.0 800 100

ttio.80

14 3000 ‘?5 80S 34,200

13 2000 50 400 141,700

18 1400 35 280 4S6,800

19 1000 25 200 1,067,000

20 720 18 144 1,528,500

●SpeoiuansUIF-F: Spot spacingwithineechrow l~n.
No. of rows of spots - 4.
Distance between inner rowe 3 /4t1.
Distnnce betwwen outer rows 1 1~.
Ovvrlnp1 l/2Y.

Ipeclmen No.

t‘tio .35

5 Ulc-llp
9
1

:
10

1 6
Reload

R%#i2r
13
2
7
13

GGi
Lbs.

7500

4200
3000
1750
1$60
1250

Ulmm Load

Lbs./lleld

17.s
143
m
70

Lbs./In
Oyclem to

hiluro

L@C43
K,ooo
3iL600
137;1CQ

Y;::!?:UJ
‘13,591,0W

39,9m

7500 163 150U 23,500
5700 129 N’!& 76,3(M
3000 137,100
2200 ; 440 2,S63,500
1650 42 370 >*, COO,OOO

● Specimens5 UIC-P-4 ro!mof rollveldsl/2napced
7/6Mbetweencenterrows
l-3/4Ubetvoonouterrwn
2“ overhp

1

I
I

w
Cn



l!ABIJ 35. FATIWl TEST mmS JOE UP JOI?IT SPECIHIZfSc.
WIm on IDw or S9T mm

(Group3 BIX-D-0.064” Sheet)●

MaximumLoad
Total Cyclesto

p4cimenlTo. Lbe . Lbs ./Spot Lbo./In. Failure

ptio.25
3 B1E+4D 40fn3 667 Soo 5,500

1 3000 35.300
12 2403 ?% k: 116,700
; 1750 291 350 639,5cx)

lJOO 217 260 1,297,1(KI
5 llCQ 183 220 1,573,6cQ
6 850 142 170 > iO,OOO,OIXl

Reload 2400 400 km 136,5c0

atio.60
3 BX?+1OD 52m s67 1040 1,700

s 4000 667 76,500
7 2000 333 N 1,262,1OQ
11 1500 250 300 3,7Ch2,000
13 1200 200 240 > 20,4jj,~

● Spotwelds3/4mspaced
lU overlap

mm 36. FATIGUI!TEST BESOLTSFOR LAPJOIBTSPZC~
WITH_ ~WS Or ~ ~ (O.O@+mS.HEE?)

btio .60
3 WbD

6

3 !i21-lD
2
3
5
7

Rat10 .60

3 M2y

patio2
3 S3~3D

1
a
2
b

Reload

Total
Lbs .

6mAs
4CQl&

15M
goo

7000

2SCCI

Pod
6000
4000
24CKI
l@l
1250

m
3500

beet porn

7500
3s00
24C0
1500

1%!)

KaxlurumI

Lbs./Spot

eceived
333
222
144
83
50

38$
27g
156

~$) 8

222
133

:;

278
1*

~ed(2) ~

417
211
133
K3

1%

--i

1
Oyclezto

Lbs./In. Yailure;
I

koup3 Nl&D) (1)
12al k3,000
SW 127,500
520 5s6,Soo
:: A!w+,m

>11,679,600

1400 335,200
lmo 557,300
5&l 4, ~24,600

m welding’(Group3 B2kD)(1)
1200 29,m
m L17,7(XI
4s0 499,Soo
320 1,301,600
250 2,L!k3,200

-=-l--=
~re weld~ (Group 3 ~D-D (1

lW 20,yYl
760 W3,2C0
48) 42.1,1oo
yxl 40@WOfJ
lgo >7,925,000
3s0 5270600

I

(1) Specinlw 3 Il&D,3 R&D, @ 3 mm:
3 rout of cpot weld. ●taggerai
3/48betweenrow,
3/V ~lng within therowc

(2) Wt treated 10 hour- ●t 3709~.

C91
a



Varims LifetimesforR = 0.25

statI.c 10Q
I

4 x 104 105 4 x 105 106
I
4 x 10’

-E
3 EM-D
3 KM-Q
3 LIO-D
3 HIC-D
3 KU-P
3 Km-r
3 WC-F
3 M3C-F
5Ulc-?

15
24
25

:;
35
32
35
29

3 BIX-B 31 17 17 16 11
3 EU-D 66 – ;? ;: 26 22 14
3 la-n 29 25 23

z —
19 13

3 R_jx-D 33 30 26 22 14
(

0.016~ 248-T AIcl.ad withBoeingtypejoints

m-? 6S 51

I

IQ 40 24 17 11

~

~

s~
W 38. SPEZIPICATIONS FOR RIVETED IAP JOIIIT SPSCIMSNS

.

~

Riwet
Spactin

Distance (2)
Width Total MO. spee*. Overhp Btiea Rowi

~signetion (Inohes) R% Rimts (Jllohec) (Illohec) (Jnohes)

PIC-D)
(1)P2c-D) 4 1/’2 1 6 3/4 3/4

PIC-F 5 1 10 1/2 3/4

QIC-D 4 1/2 2 is 3/4 7/16 3/4L
RIC-D 4 15/16 2 M 3/4 3/16S
SIC-D 4 15/16 2 13 3/4 11:$ S/8S
?lC-D 4 15/16 2 13 3/4 1 5/16 11/16S

H1 P2C-Dapeckm were poskagedfir riveting.
2 S denotesrivetsinadjaoentrowsstaggered,L rivetsin line.

1.
2.

3.

4.
6.
6.

Riwtti PreoedurO
All mterial O.(MOnAlclnd 24S-’2.
RivetsAR426AD-5,100°oounternink,5/32D.
RivetraterialA17S-Z8P ciflcationAn-F9-R551.
BothsheetsdrilledwithhandMtor using*1 (0.16~)drill.
Holesburredwithcountersunk@pa burriogtool.
Surfaoeskindimpled100°on one shotrivutgun (ChicagePnetlcatio)
Sub-dimpledotherskin11OOon ●m equipmmt.
RivetingpeLtomad witha ChioagoPn@Intio@aezer.

Jointofficiency hero mane theratlo of thefatiguestrmgthof
~ tX@aew~th of je~~ to the fatigue. Btrensthof thesanewidthof
cheetat the camelifetin.tier the sme loadrat10.
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YAOA ARR HO. 4101
TAMS 39. STATICTESTRESULTSFOR RIVSTEDIAP JOINTSP~IHSNS

I 1 I 4
Speoimsn StatioUlttits Values

Lbc./heh(l)
Ststio Joia ~

Desigxtion
t)

Total lbs. Lbs.~iyet Eff. ~)
PIC-D 4160 693 36
E2C-D 5130 1140 41

.PIC-F 6940. - l%. 1386 62

QIC-D 8700 726 19s5
R3.C-D 87E4 675 1762 ::
SIC-D 9100 700 1820 69
TIO-D 92so 715 1666 70

t
,

(1) Nob, In Table1, that spchmns ofdifforentgroupsdiffer
considerablyin width.

(2) Jointeffioienoiesare taselongroaawidth of the joint.dtast
pieoeaand on 66,700p.n.i. statioulti~te for as reoeiwd
sheetand 69,000statioultinmtefor port ●ged sheet.

Tm 40. ~ATIGUETEST2ESULTSFOEUP ‘JOINZ 6PMI=
WITH ONE ~W Or 2ZUSNRIVXT8

[l%m,nPlc-n)(1)h .mnaiwd— --------
Naxlml.unLoad

Tote.1 Oycleeto
Spechen No. Lb,. Lbs./Rivet Lbe./In. Failure
ktio .25

PIC-25D 633 6&l 17,5&J
22 ;E 600 823 22,600
10 3CQ0 668
15 2550 z:

55*~

2
570

2 50 425
;;. 00

? 400
100

200
1;

;; 101:m
2400 boo 53s 131,400

16 2100 350 466 175,9tx2

{
2100 466 1S0,200
1s00 ;2 4C0 305,600
1560 269

2
3bt 572,CE30

::$ :;2 2$
937*W

:
1,266,600

960 160 213 1,677,900
9 810 135 160 > E,438,KHJ

Wm
39@J 650 ‘s73 57,-

11 30C0 500 668 226,5m
17 2400 w 526 k23,SCo
16 lECH) 300 46
19

704,300
1443 2ko 322 2,1A06,300

-D
3800 633 856

27
166,600

2600 1+67 626 31s,m
2000 333 kkil ~27,JCt2

;: l~oo 263 1,773,goo
29 16cM3 267 ;Zl 1,6s0,900

3300 59
21

7b5 1,828,9W
3W0 5(Y2 676 8,006,200-—
(GroupP2C-D)(1) Poet-s6wd,2)

ktio .25
P2C-44D 45Cs3 750 1010 5,700

3380 29,7CQ

% :Z % i;
96.700

I
k5

261,m
1200 2LY3

b7
267 “77s,SoO ~

900 150
46

205 1,264,400
750 125 150 3,436,s00

J

30

(1) SpecimeneplC-D,p2C~z 4-1/2”wide,singlerow of
rivets3/411avnrt,3./$noverlau.

(2) 2eat treated 10 houre at 37C%.



TABIx 41.

((hug PIO-1’) “ TABLS42. FATIGUETESTRESULTSFOR LAP JOINTSPSCIMENSWITH IWO RCW3 ~
OF FLUSHRIVET8, (GROUPQIC-D)* ,

Cyole s to
Failure

k
EIi-
Lbc.

XiBllMhad——

Lbc./Rivet
Cyclesto

1 l--

M
Failure poimmn No. OtalLb-.LpecImenEO,

Imm Lcmd
-Lbo./Iz

K20
1030

914
730
608
506
m

;8

1010
700
4s0
450

10,5(XI
15,100
23,600
37*LWO
101,200
140.900 rtio 25

QIC 9D
6
4
1
2
3

7500
6000
4m0
3600
2640
1920

600C
51m
4500
3600

%%
2CQ0
1750
1700

600
510
450
360
300
250
200
175
170

;;
235
225

5’76
WO
400
SW
220
lm
140

3XI
250

666
500
2s2
2W
192
291

1550
1340
1080
610
59)
427
375

10,100
18,KM
37,8CKI
89,0CUI

298,800
1,665,(XM
3,473,6C#

142,200
1,733,700%!w 940

S70w,
I 11

I 16
16

1830
1343
S40
678
559
760

31, XI0
89,700

453,600
734, Sm

> 9,97280Q0
1,371,600rtio .60

Plc-qr
20
21
22

6CC0
36(M
2600
23m
2ofXl
1600

600
380
260
230
200
180

1212
772
520
467
402
370

49,000
253,200
615.900
E34,600

1,099,.&30
b,377,mo

16 I 25C0
Reload 5500

I 2b
25 SpeoimensQIC-D. 4 1/2”wide. TWO rowsof riVStII3/4” Ep9C@5

withineach row. Distancebstweenrows3 4N.

LRireteof the two rows in line.overlap‘7 6W.rPlc-1~15
5500
42M

550
420

266. mo1100
646

-

● SpecimencPIC-fi5mwldq singlerow of rivets1)21!aurt.
3/4’overlap

,..
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TASLS4S. FATICUE TEST RSSULTS FOR UP JOINT SPECMSBS WITE ~ =S
OF 3LUSE RIVETS (CiRLXIPRIC-D)*

.,. ,..
. ...,

Cyalos to
*iluraIpao*n I&.

7mo
5EO0
4000
2800
2004J
1600
1360
1200
3000

677
422
308
21s
154
123
104
92
231

1600
1100
600
360

320
270
24S
608

5,100
12,700
S7,000
93,2m

436,200
2,223.300
3,941,s00

> ~3a018,200
97,SC0

6
1
2
s
4
6
8

Rclo8d

tatio .60
16 80C0

6000
4200
3000
2832
2700

615
461
323
231
216
206

1600
1200

709
608
366
344

32,600
70,600

181,000
1,2 S2,700
2 ,26 S.400
8,242,300

11
10
9
16
14

● SpeolnwnsRIC-D. 4 16fi6wwide. Two rowcof rivets,3/4-
qao-ingwithin,eanh row. Diatanoebe”%ween
rowrn3/16n. Rivetsataggere~Overlap15/16w.

TASL244. FATIGUETEST RESULTSIC)RLAP JOINTSPEXIMENSWTH I?dO
ROWS OF FLUSH RIVETS (GROUPSIC-D)●

* lmm L9ad
otal Lbm. Eqmz

Cyolee to
FailureSpeolmunHo.

w% io .24
SIC 14D 6400

68C0
6000
4CQ0
3000
2200
16~
1’700

646
622
461
306
230
170
142
131

4,S@
12,100
17,m
m,ooo
179,64X2
695,@20

2.618,600
>lo,060#400

25,6C0
61,400
136@0
302*000

4,116,409
6,161,700

1700
1360
1200
810
605
44s
369
342

6
1
2
s
4
7
5

mtio .60
8400
6800
5200
4000
3000
3000

646
622
400
306
230
230

1700
1360
1040
600
600

s
10
9
11
19

● SPO~n# ElC-D. 4 16/16°wide. Two rows of rivets.3/4-
spo”tigwithineaoh row. Diatenoe-b&wen
eaoh row 3/6W. Rivets staggered. Overlap
1 1/8”.

Ilnl,nmm,,m,,m I ,. .. .—.
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TASLE 46. FATIGUETEST RESULTS’PORW JOINTSPECIMNS WITH ‘iwO
RWS OF FIJJSERIVETS (GROUPTN-D)*

Ratio .26
TIC 5D

1
2
3
4
6

*tio .60
11

9
7

10
8

8CiJ0

6000
4400
2600
2200
2000

8500
5400
3800
3300
3000

616
461
338
215
169
164

654
416
292
264
230

1600 10,500
1200 26,0W
894 68,000
660 317,600
228 1,633,600
414 5,665,800

1700 37,000
1080 lsO,s00
760 1,889,200
670 2,611,9CNI
608 7,600,000

● SpeohnunsTIC-D. 4 16/lSHwide. Two rowsof rivets,3/4=
apaoingwithineaoh row. Distanoebetween
eaoh row 11/16”. Rivetestaggered. Overlap
1 5/16=.

TABLE46. JOXNTEFFICIENCIESFOR RIVETEDTEST PIECES

peoirmn (’)
eaignation

PIC-D

P2C-D

PIC-F

QIC-1)

RIC-D

SIC-D

TIC-D

‘tatio ~i
3s

36

52

73

66

68

70

35

36

46

60

47

53

62

30

29

31

41

31

38

41

26 26

28 27

29 31

39 39

29 28

M 35

39 39

24 20

21 14

40 42

28 27

35 37

40 42

(1) Formaaning of apecimn designation,cee Table 38.
(2) Definedaa ratloofetrength per inohof~oint

to atrengthat aam lifetinm of an inch width of
monoblock sheet.
All fhtigue joint effioianoy values quoted●bove
are for a leadratioR = 0.25.

=Imnmmm--nmumn,, mImIIImI, . . . M-. M8.8. ---.8 -----
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NACA ARR No. 4F01

.

Keller’s e,tch 1ox

(al
29159

Keller’s etch 1ox
29159

[b)
.. -. -.—

—“ . .

.,’ ,. , ., . ...’ ,.. .,.’,L%:;db

Keller’s etch 1ox

(c)
29160

Keller’s etch 1ox

(d) 29161

Fig. 1

0.0321! - 0.040!!
(a) As received

0.032” - 0.0401’
fb) Fatigue break

0.04011 - 0.0511’
(c) As received

0.0401’ - 0.0511’
(d)

Fatigue break

Figure l.- Spot welds In dissimilar
gauge sheet - Company B welds.



Keller’s etch 1 ox

29162
(a)

~- ‘“ “-”;
Keller’s etch

(b-c )

1ox

29163

~ ~“’’””’-”-”” ‘“---’---

Keller’s etch 1 ox

(d)
29164

Keller’s etch 1ox
29164

(e-f)

(a)

(b)

(c)

(d)

(e)

(f)

0.03211 - 0.04(311
Fatigue break

0.032[’ - 0.051”
As received

0.032” - 0.025”
As received

0.032f’ - 0.025”
Fatigue break

0.0321! - Oo02511
Fatigue break

0.032!’ - 0.0511’
Fatigue break

Figure 2.- Spot welds in dissimilar gauge

sheet - Company C welds.



RACAARR HO. 43’01 FigB. 3,4

4mo “ .4050 STATIC (0.040-0.051)

—-3690 STATIG (0.040-0.040)

t-
3174 STATIC (0.03; –O.040)_ ~.075

r-—J.
o

3000

I I
MIN. LOAD

‘= MAX. U!II

+x
m

600 -
\\ o

xxx~x~
Too .

6C0 — — — —

CYCLES TO FAILuRE

FIG. 3- FATIGUE CURVES FOR SPOT-WELDED-SHEETS OF DIFFERENT GAGES.( ALL SPECIMENS,, ..-
5“” WIDE, WITH 6 SFOT -WELDS, ~ BETWEEN CENTERS, ON SCIAKY MACHINE.

* 3120STATIC(0.040- 0.040)
50W + ZW3 STATKOXK-O.~1 )

~ SS30STATIC(0.032-O.M)

+ S?70WATIC(0.03S-0J23
K03

+ ISTSSrmlc (aoa-o.cm
OD40- 0.040~

0.03s-0.040
aoss -0.0s3 -. ~

-%.

mm

m

6m -
3.

?00
“\

600

500

SW

102 If.? d K+ ,.6 d
CYCLESTOFAllJRE

FIG.4- FATWJECURVESFOR SPOT-w SHEETS OF OIFFERENTGAGES(ALL SFEIWENS
‘5” wire, wITI+ 6 s~T wELDs, + BETWEENCENT= W TAYLOR-WINFIELOMKHIW

)
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NACA AM No. 4F01

I I I

eo@o=
77,700 STATIC

70,000 66,700 YIELD
66,400 STATIC 24 S-T

6C@O0

Sc@m ,

4 x
40,000 — 41,450 YIELD 24 S-T

1--1~ . MIN. LOAD

30,000
MAX. LOAO

ti

Figs. 5,6

I

“o& 24S-T
/ -% I I

b

1-

1 I I I J
,.2 103 !.4 ,05 ,.6 ~?

CYCLES TO FAILURE

FIG. 5- FATIGUE CURVES FOR MONOBLOCK SPECIMENS OF ALCLAD SHEET ( 24s -T AND
75s-T ). ( SPECIMENS 1.000” X 0.040” AT CENTER SECTIChl.)

I I I I I

‘F 2870 STATIC 75’ S-T
2650 STATIC 24S~ T

-A. - f— I
I I ‘=””’”t =’= I I
I R =0.25{----

‘x

o

4001
I I I 1 I

10= d 10’ ,.6 d ~7

CYCLES TO FAILURE

FIG. 6- FATI.GUE CURVES FOR SPOT- WELDED LAP JOINT SPECIMENS OF ALCLAD 75S -T

AND OF ALCLAD 24 S-T.



NACA ARR No. 4FOl Fig. 7

Keller’s etch lox
29166

?5S-T Alclad

(a)

(b)

(c)

(d)

116 lbs./spot
R= 0,25

166 lbs./spot
R= ~.25

116 lbs./spot
R = 0+Z5

116 lbs./spot
R= ().25

Figure Y,- Comparison of fatigued spot
welds made in Z4S-T Alclad and 75S-T

Alcletd sheet.



NACA ARR No. 41i’(31 Fig. 8

Figure 8.- Photograph of fatigue test pieces. ~~

Each specimen was 1011 long, and 211wide at the center sectio
and nad a 211 overlap. The material was 0.04011 Alclad 24S-T.

n,



. ..—--- ..- . ,.,.,...--,,.-.. ... ...

i

II

Km

400(

Mxx

moc

STATIC VALUES
-5180 -1

I I

) I+4410 RIVETS sPOT-WELDS
‘4100
-3800” J

I I I

TspO’-wE
~= MIN, LOAD

MAX. LOAD = 0.25

‘ooobb
,02 ,&

rigs. 9,14

●

,OS ,.6

CYCLES TO FAILURE

FIG. 9 –SCATTER BANDS FoR sPOT -WELD AND RIVET LAP JOINT SPECIMENS WITH DIFFERENT

1250
STATIG VALUES ~

‘01——————

600

F

570 PANEL 5

500

4001
300F

F
230 PANEL I

200

150

SURFACE PREPARATION.

~~
1

~ . MIN. LOAD
MAX LOAD

= 0.25

x

PANEL 9

‘A
PANEL 7

FiJNEL5
x

PI,NEL 2

lx

PANEL I

I
\

,03 I 0+ ,.5 106

CYCLES TO FAILURE

FIG. 14- FATIGuE CURVES FOR SPOT-WELDED LAP JOINTS WITH VARYING WELD SIZE.

107

i
.L.



NACA ARR No. 4F01 Fig. 10

#1 - 3070 lbs.
8300 cycles

Keller’s etch 1ox
(a) 29C77

Keller’s etch lox
(b) 29678

—- -.

,,,-

.,,.,,. ., .. . .
,+!; ““-

,,.
‘-..

#2 - 3070 lbs.
5400 cycles

#7 - 920 lbsc.
512,100 cycles

Keller’s etch 1ox
(c) 296?9

Keller’s etch 1ox
(d) 29680

Figure 10.- Spot welds from panels cleaned by wire brushing
A.C. welds.
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NACA ARR No. 4F01 Fig. 11

.,.
#1 - 3070 lbs.

-;:-. 15,300 cycles

-........

Keller’s etch 1ox
(a) 29681

,’

‘..’
. ,-,

,. ..,.. “.

- “.
~d .’, .

#2 - 3070 lbs.
.,*.. 14,100 cycles

‘“-.... , .,.,...,.+,+....
,“. . . ,. ,“ . .

Keller’s etch 1ox
(b) 29682

—- #7 - 920 lbs.
,,..,.:. 2,243,800 cycles

—-

Keller’s etch 1ox
(c) 29683

,.

. +...e.—.: #8 - 920 lbs.,, .,! ... ,
600,000 cycles

., ... V:.,-. ,.,”.”. ,’.‘.,’.’...-.’

Keller’s etch 1ox
(d) 29684

Figure 11.- Spot welds from panels cleaned by wire brushing
D.C. welds.



NACA ARR No. 4F01 Fig. 12

Keller’s etch lox
(a) 29685

,, l)yl “4.,
-
I .’;,

,$ ‘1

#2 - 3070 lbso
3700 cycles

Keller’s etch 1ox
(b) 29686

),,, ., ‘-8 ,, ,’,,. ,“
. ,,, . .

A“
;.

.

‘. ,,’:- .

Keller’s etch 1ox
(c) . 29687

#7 - 920 lbs.
307,900 cycles

. .. . . . ,,, —
!’ ,, ,,, ,, ,, ,,, , ,,; ,, ;,!, r: , ,1!,.:,,:,,,1,

, .’!’”,‘“..’

,.,, .,,”!

-’-. .

,) .,!’,.

#8 - 920 lbs.
412,100 cycles

Keller’s etch 1ox
(d) 29688

Figure lz.- Spot welds from panels cleaned by chemical
methods - D.C. welds.



NACA ARR No. 4F01 Fig. 13

5x (a) 29167

Panel #5, Weld #64
Optimum weld size

5x (b) 29168

Panel #8, Weld #108
Note crack in center

5X (c) ‘ 29169

Figure 13.- Sheared spot welds showing weld area and surround-
ing corona.



NACA ARR No. 4F01

Keller’s etch 1ox
(a) 29170

Keller’s etch 1ox
(b) 29171

-.... -.... ,.
~ -.. < . .

- ---
,,..,: ,,

Keller’s etch 1ox
(c) 29172

,%--:..?..- :’...,- s: ,.. , ~,... < ,.,

-.., .— “
,’ .- “-. - .. -...,

,., ,., ‘,,,’,’+
!.,,’ -,. 1.

1,, . ,- .,...
,,, .

,.. ..,.~!,.
. . .. ... .. ._e...,.

Keller’s etch 1ox
(d) 29173

Fig. 15

.

Panel #1, Specimen #4
133 lbs./spot
1,613,900 cycles

Panel #1, Specimen #3
174 lbs./spot
59,000 cycles

Panel #2, Specimen #3
250 lbs./spot
2,900 cycles

Panel #3, Specimen #2
131 lbs./spot
1,206,200 cycles

Figure lb.- Spot welds in Panels #1, #2, and #3.



NACA ARR No. 4F01 Fig. 16

Panel #4, Specimen #1
245 lbs.lspot
800 cycles

Keller’s etch 1ox
(a) 29174,

Panel #5, Specimen #4
180 lbs.lspot
321,500 cycles

Keller’s etch 1ox *
(b) 29175

Keller’s etch 1ox
(c) 29176

.

Panel #6, Specimen #2
184 lbs./spot
416,000 cycles

Panel #6, Specimen #l
280 lbs.lspot
17,200 cycles

Keller’s etch .1OX
(d) 29177

Figure 16.- Spot welds in panels #4, #5, and #6.
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NACA ARR No. 4FC1 Fig. 17

Keller’s etch
(a)

lox
29178

Panel #7, Specimen #4
280 lbs./spot
82,700 cycles.

Keller’s etch - 1ox
(b) 29179

Keller’s etch 1ox
(c) 29180

Figure 17.- Spot welds in Panel #7.



NACA ARR No. 4F01 Fig. 18

.- ‘=- . . - Panel #8, Specimen #2
,...%+ ...... .,; 3@4 lbs./spot

is 67,400 cycles

Keller’s etch 1ox
(a) 29181

. .. .. . .... .,,, ..,, .,.:...
.:

Panel #8, Specimen #4
140 lbs./spot
4,075,600 cycles

Keller’s etch 1ox
(b) 29182

Panel #9, Specimen #3
240 lbs./spot
247,300 cycles

Keller’s etch 1ox
(c) 29183

Figure 18.- Spot welds in Panels #8 and #9.



NACA ARR No. 4F01

. .

(a) 29388

Spot welds in line (Test 3 KIC-D)

(b) 29388

Spot welds staggered (Test, 3 LIC-D)

Fig. 19

Figure 19.- Lap joint specimens with two rows of spot welds

,Specimens 511 wide, with l+” overlap. spots +“ apart

within rows. Spacing’between rows ~“.



NACA ARR No. 4F01

_—

Fig. 20

(a) 29392

Spot spacing l/211 within row
(Test 3 MlC-F)

(b) 29392

Spot spacing 3/4~1 within row
(Test 3 MlC-D)

Figure 20.- Lap joint specimens with three rows of spot welds

Specimens 5!! wide, with 21! overlap. Spacing between rows
1 II

Z-*
Note spots in adjacent rows staggered.



NACA

,,

(a) 29391

0.016!’ sheet (Test UIF-F)

(b) 29391

Fig. 21

l/211 between welds in a row
3/411 between inner rows
3/1611 between outer and

nearest inner row
1-1/2!’ overlap

.

Roll welds, rows staggered
l/211 between welds in a row
7/811 between inner rows
7/16~1 between outer and

nearest inner row
2!’ overlap

0.0401’ sheet (Test 5 UIC-F)

.

Figure 21.- Lap joint specimens with Boeing type joint.



NACA ARR No. 4F01

Figure

Keller’s etch 3K1C-8D 1ox
(a) 29668

Keller’s etch 3L1C-7D 1ox
(b) 29669

._J.—_ &- ,,,
,, ,

““’

Keller’s etch 3 MIC-4D 1ox
(c) 29670

.— .,. . .*,%,,,,.

,.
.,’GIL,,,.,... ,, ,

Keller’s etch 3 MIC-6F 1ox
(d) 29671

,.

.,—

Keller’s etch 3 M2C-3F lox
(e) 29671

Keller’s etch 3 M3C-3F 1ox
(f) 29672

Fig. 22

22o- Representative welds from spot pattern sPecimens
(0.0401’)
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NACA ARR No. 4F01

Keller’s etch 3 N2E-3D lox
(D) 29674

— --

~ 9
m

,, ..,., .,. .,
,..

Keller’s etch 3 N3E-lD 1ox
(c) 296’75

...... ,,..,.-.; ., -.a.%+.,.’,’,,,’.~.’.,. !, ‘!.“,.,.:,...i
,. -.-.,.+~;:l

,,... . -,.”
,-,,-. .—. ...R :“ “.,..-. -------,--::,.

,’,..’
., 2.k
i
x .....i,,.,,..

~wf+-.=ti++..,, ..

Keller’s etch 3 BIE-12D 1ox
(d) 29676

Fig. 23

Figure 23.- Representative welds from spot pattern specimens
(0.064”)
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NACA ARR No. 4F01

Keller’s etch (a) 1ox
29665

Fig. 24

0.0161’ - Fatigued-sectioned parallel to directicn

... .“. 1:

Keller’s etch (b) 1

of testing

ox
29666

0.016” - As received-parallel to direction of testing

Keller’s etch (c) 1ox
29666

0.016!! - As received-normal to testing

,,

Keller’s etch (d) lox
29667

0.0401’ - Roller weld-parallel to direction of rolling

,.. ,..,
..’,.

!, . , ,,,

Keller’s etch [e) lox
2966?

0.040” - Roller weld-normal to direction of rolling

Figure 24.– Spot welds from Boeing joint specimens.
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NACA AM MO. 43U1 ~lEs. 25.26

60,00C

7opoc

60,00C

50,000

40,00C

3@Xl

20@oo

70,00C

60,WC

50,00C

4Qo~

30,00C

Zo,m

I ‘---”-”
~- 1

STATIC VALUES}—
68,850 ULTIMATE ( ~T AGED)

~66,450 ULTIMATE (AS RECEIVEO)

Y 61,490 YIELD (POSTAGED)

~ 46,2m YIELO ( AS RECEIVEO)

,.5(3>L __
O FUSTAGED

I
x-

~= MIN. LOAD

I 03 lo~ 10=’ 106 I 0’

‘CYGLES TO FAILURE

FIG. 25- FATIGUE CIJRVES FOR U.040” ALCLAD 24s-T SHEET ( sPECIMENs 1.000” X 0.040”

AT CENTER SECTION )

I

STATIC VALUES
t

t- 50,260 YIELD (AS REGEIVED)

fli1600yELDp~TAGED>&~RE’E’vED

h73,7m ULTIMATE ‘(posTAGED)
*69900 ULTIMATE (AS REGEIVED)
\

\

o

‘\ x

“x ~

R= klN. LOAD
MAX. LOAD = 0“25

.

X0_+

# ,
,03 ,04 105 IN 107

CYCLES TO FAILURE

FIG. 26- FATIGUE CURVES FOR 0.064”24 S -T ALCLAD SHEET ( SPECIMENS 1.000” X 0,064”
AT CENTER SECTION)
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-.-..—- .. .—. ---- --
RAOA ARR HO. 4N1. Flgm. iw, m

70,000 I

+66,250 STATIC ULTIMATE

So,alo — R=.60
.-

~ GO

50@oo
+ 45,050 YIELD

40,0U) ,

~x~
-— MIN. LOAD

i- Ym@oo - K = MAX. LOAO
&.-

20,000

0

b I
,~z ,03 ,~4 ,.s ,.6 ,.7

CYCLES TO FAILURE

FIG. 27- FATIGUE CURVES FOR 0.0 16“ 24 S -T ALCLAD SHEET ( SPECIMENS 1.000” AT CENTER
SECTION .)

Scoo _ SS70S1A71C(A)

m +&9XI !5rATlc(X) -‘
15STATlc10)

40W -
e 3S04 STATIC(~)

x—

mm ❑

mm

mca

SYMSII BT S%%G NO. USTANCE
K-

n 3BIC-D $ I _ ROWS
1000 —

ao —
x 3KIC-D +. 2 ; IN LINS

8m —

700 —o 3LIC-O +“ 2 +“ STAGGERED

cm —h
3K[C-F + 2 ; “

L

,Oa ,.4 ~6 d 107

CYCLES TO FAILuRE

FIG. 28-FATIGuE CURVES FM LAP JOINTS 0.040”.0.040” wITH ONE ANO TWO ROWS W

SPOT-WELOS.
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NAOA ARR HO. 4F01 Figs. 39,30

12,SCKI

+11;0S0 STATIC (0)
I

,Qooo +10,250 STATIC (A)

moo - 9,360 STATIC (X)
~8,860STATlG (0)

Sooo , 9

7000

6000

.
Sooo

4om

}+S:::T
•1 3MIC-0, AS REGEIVED

3om SPOTS
1

A 3M IC- F, AS RECEIVED

$ APART X 3M2C-~ POST AGEDAFTER WELDING

IN ‘ACH ‘ow j O 3M3G - F, PoST AGED 6EFORE WELDING

2000

1500-

L .

1ooo-
10’ 10* log 10s 10’

CYCLES TO FAILURE

FIG. 2S - FATIGUE CURVES FOR LAP JOINTS WITH 3 ROWS OF SPOT - WELDS.
4000

S4W SrATIC 1

“i-
Soo

,.s I& Id IL+ Id

GYCLSS TO FAILURE

FIG. 30- FATIGuE CURVES FOR LAP JOINT SPECIMENS (X 0016” ALCLAD 245-T WITH
.%X ING TYF= SPOT WELD WTTERN.
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HACA ARR HO. 4F01
IO,OCKI

Flga. 31,3a

b 9,TO0 STATIC
~oca

8,000

r,ocnl

6JXI0

5,000

4,000 -

3,000 .

2,000

I ,500

,.2

FIG,

10s lot 10’ 10*
CYCLES TO IWLURE

3 I - FATIGUE CURVES FOR LAP JOINT 0.040” SPECIMENs WITH BOEING TYPE SPOT-WELD
17iTTERN.

1s,000L ,4,730 wwol~

‘+--t-t-’””o”z”z’ t----l
Swa 1

7,@3 + 6970 STATIC (o) 4.

%wO
\\

‘tQ\

S.wO
\\

4&130 \ \ \

\

\

woo -
\

SF07 DISTANCE
‘M= ‘EST & =CNG BER~:N

❑ 3BIE-D I *

E,00a —o 3NIE-D 3
$,. $x \

\

3N2E*D 3
x F=. TffiEO #TER 4WELDIN:

I son —A 3N3E-D 3 # +-
)1

P~TAGED BEF~E WELOI~

1000

& 101 m“ 109 10* .,

CYCLES TO FAI LuRE

FIG. 32- FATIGuE CURVES FoR LAP JOINT sPECIMENS OF 0.064” SHEET WITH ONE AND

wITH TWO ROWS OF SFOT-WELOS.

,p_.

10,003 I I I I
●W

I I I
I

,, .,,, , , , ,,, ,,, ,..,!.. . . . . . . I I..-. . . . . ,., . . . . . . .———- - —------------- -...—-,..--, .—.—



NAOA ARR No. 4F01 FiR8. 33.37

E=eiiii E“w
3 MIC-D 0; 040 3
5UIC-F 0.040 =4 (BOEING, ROLL WE1-66 STATIC 3NIE-D I

!50

40

-D
–1-l ---- ‘-F31 STATIC 3BlE-

30 29 STATIC 3BIC-IJ 3LIG-11

CYCLES TO FAILURE

FIG. 33-JOINT EFFICIENCY CURVES FOR SPOT-WELOED LAP JOINT SPECIMENS.

r R, MIN.LOAD
300 MAX LOAO

P2C-O
(POSTAGEO)

.

L I , , I

Id 10’ 10’ Id 106 Id

CYCLESTO FAILURE

FIG.37- FATIGUE CURVES F@ LAP JOINT SPE61MENS WITH ONE ROW OF RIVETS. GROUPPIG-D:
RIVETS S%4CED + APART GRCiJP P2C-D : SAME BUT SHEET PO~AGEO.
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NACA ARR No, 4F01

—

Fig. 34

,, * .....,.,,.,;, ,, -, ..”

Figure 34.- Lap joint specimens with one row of flush rivets.

-.
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NACA ARR No. 4F01

— —

Fig. 35

.

(a) 29390

Rivets in line (QIC-D)

(b) 29390

Rivets staggered (TIC-D)

Figure 35.- Lap joint specimens with two rows of flush rivets
3 II

spaced, ~“” between rows.
T
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NACA ARR No. 4F01 Fig. 36

~ $., ! .-<. -*-.

between rows

(a) 29391

(b) 29386

(cl 29386

Figure 36. - La.p joint specimens with two rows of flush
3 II

rivets staggered, ~ rlVet spacing within rows.



IAOA ARR NO. 4~1 Tigm. 38939

m

,., ,

Soo

am

t

I

moo
I

++3S3 STATIC (FIC-F) R =0.S0

Imoo

200 + S25 STATIC (PIC -o)

m
\+

w
~

SOLIOCUFWES WITH PC4NTS: PIG-F
00TTEO CURkES: PIG-O

d I I I I
!!.

KY 103 10* ,..3 I@ ,07

CYCLES TO FAILURE

FIG 38- FATIGUE$URVESFORLAPJOINTSPECIMENS~lTH ONEROWOFRIVETS GROUPPIG-F
RIVETS + APART.GROUPPIC-0: RIVETS + APART.

Sooo IS35 Olc-o
IS38 TIC-O

●

‘\A

moo -

m - 92s Plc-o \

g:

w \

\
\

#600

#300 r

0

z

3

z 400
0 PPS-O CWERW &RIVETS

i
X OIC-O TWO- OF RIVETS IN LINE

= 300 -
A Tic-o “ “ “ “ STKOEREO

3
G

s

R, MIN. UYAO
0

w MAX. LOM “0”2 5

cI

,OR Id ,~ 4 105 Id I&

CYCLES TO FAILURE

FIG. 39- FATIGuE CURVES FOR IAP JOINT !ilPECIMENS WITH ONE MO WITH TWO RWS W

RIVETS.



YAOA ARR EO. 4~1 rigs. 49,41

I I -R. O.M I I I I

CYCLES 70 fAILUWS

FIG. 40-FATIGuE CURVES FOR LAP JOINT !WECIMEkSwITHTwORW5 OF FLUSHRIVETS
STAGGIEREO -EFFECT OF VARYING S~CING SETWEEN ROWS.

00
STATICVALUES_

-75 sTAnc Olc -D

70 - 70 STATIC TIC-D —
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